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FOREWORD 
In the early months o( 1945, an educational program for the introduction of 
improved production techniques into the agriculture of China, was presented 
to the International Harvester Company by Dr, P . W. Tsou, who represented 
the Ministry of Agriculture and Forestry of that country. 
This program included:* 
I. The establishment of fellowships, such fellowships to provide all expenses 
connected with three years of college and practical training in agricultural 
engineering in the United States, for twenty selected graduates of Chinese 
colleges. 
II. The selection of four experienced agricultural engineers, designated as 
the Committee on Agricultural Engineering, to study the application of en-
gineering techniques to China 1s agriculture, to demonstrate them in the 
field, and to assist in the development of instruction related thereto. 
Ill. The furnishing of equipment to three research and educational institu-
tions in China, including farm machines, tractors, wood- and metal-working 
machines, instruments and tools for experimental laboratories and shops 
sufficient to enable these institutions to c onduct research and instruction in 
modern farm equipment and agricultural production methods . 
The program presented by Dr. Tsou was first reviewed from the technical 
viewpoint by Mr. Arnold P. Yerkes and Mr. Arthur W. Turner, who then 
referred the matter to the executives of the Harvester Company. 
Mr. Fowler McCormick, Chairman of the Board of Directors, had for some 
time been interested in and had supported the mass - education program of 
Or. Y. C. Yen in China . When the program of education in agricultural en-
gineering was presented to the Company, other executives, including Mr. 
J. L. McCaffrey, President, and Mr. G. C. Hoyt, Executive Vice President, 
looked with favor upon giving the program careful consideration. After due 
consideration the Harvester Company agreed to sponsor the program pre-
sented by Dr. Tsou, with some modification. 
Early in the year 1945, the program got under way with the appointment of 
the four members of the Committee on Agricultural Engineering, whose 
active work on the program began July l, 1946. 
In June, 1945, the first contingent of the Chinese fellowship students arrived 
in the United States to begin their term of training. 
The four members of the Committee, with their families, left San Francisco 
in January 1947 for China, and continued their work there until December 1948, 
when political and milita ry conditions in China made it necessary for them to 
return to America. 
•Further information concerning the origin of this educational program 
may be found in a pamphlet: ttCommittee on Ag.zicultural Engineering", puL-
lished by the International Harvester Company, Chicago, 1947. 
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This report: 1, sets forth the aims and the objectives of the educational 
program in agricultural engineering; l, describes the geographic , economic, 
and social conditions in Chinese agriculture related to the introduction of 
engineering techniques of production; 3, reviews the contacts, activities , and 
observations of the Committee during its term of work; and 4, gives the 
present employment of the recipients of the Harvester fellowships. 
The Committee is very grateful to the International Harvester Company, the 
sponsors of the project, for the generous assistance and encouragement at 
all times. It was particul~rly gratifying to have the personal interest of 
Mr. Fowler McCormick, Chairman of the Board, Mr. J. L . McCaffrey, 
President, Mr. Robert P. Messenger , Vice President, and Mr. G. C . Hoyt, 
Executive Vice President,under whose direction the program was carried 
out. Mr. Arnold P. Yerkes gave much help in outlining the program, par-
ticularly from the technical and educational viewpoint. Many members of 
the staff of the Foreign Operations Department of the International Harvester 
Company, at home and abroad , contributed in a most helpful way. 
The members of the Committee wish to acknowledge with much appreciation 
the helpful assistance and many courtesies received from many persons and 
institutions in c onnection with their work. Particular mention should be 
made of the effort of Chinese associations to explain to us from abroad the 
conditions and background that control so many well-established practices. 
It is not possible in this foreword to mention all of those who have rendered 
valuable assistance and to whom the Committee is very grateful. Particular 
mention is made of the following: 
Dr . Y. T . Tsur, former Minister of Agriculture and Forestry; appointed 
Minister of Health in 1947 
Dr. Shun - Sheng Tso, Minister of Agriculture and Forestry 
Dr. Chia-Hua Chua, Minister of Education 
Dr. T . H. Shen, Director, and Dr. F. C. Woo, Vice Director, National 
Agricultural Research Bureau 
Dr. H. C. Chow, President, Dr. C. S. Lo, D ean of Faculties, and Dr. T. L. 
Tsou, Dean, College of Agriculture, National Central University 
Dr. Y. K. Chen, President, and Dr. C.H. Chang, Dean, College of Agriculture 
and Forestry, University of Nanking 
Dr. Paul C. Ma, Director of Agricultural Division, MOAF , and Director of 
the Agricultural Machinery Operation and Management Office 
Mr. C. Y. Lin, General Manager, National Agricultural Engineering 
Corporation 
Mr . L. T. Woo, Head of the Department of Agricultural Engineering, NARB 
Mr . Owen L. Dawson, Agricultural Attache, U.S. Consulate 
Mr . C. V . Schelke, General Manager, and Mr . L. S . Ku, Assistant Manager, 
Andersen, Meyer and Co., Ltd., Representatives, International 
Harvester Co., Shanghai 
Dr. K. S. Sie, Representative, MOAF in U.S.A. 
Mr. H. T. Chien, Deputy Director, AMOMO 
Mr. T. S. Hsu, Deputy Director, AMOMO 
Mr. A . D. Faunce, Associate Director, AMOMO 
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The staff members of the departments of agricultural engineering, of National 
Agricultural Research Bureau, National Central University, and University 
of Nanking 
Some twenty-four firms contributed tractors, machines, pumps, storage build-
ings, books, and illustrative material for teaching. A list of these firms is to 
be found later in this report, and the Committee wishes to thank all of these 
firms for their assistance and cooperation. 
I. THE ORIGIN AND THE OBJECTIVES OF THE 
COMMITTEE ON AGRICULTURAL ENGINEERING 
l. Reconstruction Plans for China 
During the long eight years of the war with Japan, China suffered much. Many 
of her people had to flee for safety, her industries were largely destroyed, 
her transportation and communication facilities disrupted, and her agricul-
ture disorganized. But even before the close of the war, there was much 
planning for the period of reconstruction that would follow the war. Dr. Sun 
Yat-sen, the father of the Republic, had given much consideration to plans 
for the development of the new republic, and his plans as set forth in his 
book, 11lnternational Development of China", became the basis for much plan-
ning for rehabilitation and development, including plans for agriculture. 
In May 1944, Or. P. W. Tsou, who at that time represented the Ministry of 
Agriculture and Forestry of China in the United States, presented to the 
American Economic Association and again in June of the same year, to the 
American Society of Agricultural Engineers at its aruiual meeting, papers 
describing plans for the improvement of Chinese agriculture and means of 
making it more efficient and modern.* 
These plans of Dr. P. W. Tsou emphasized the importance of mechanization 
or the introduction of engineering techniques of production. Later, as ex-
plained in the foreword, the International Harvester Company was requested 
to sponsor an educational program for giving emphasis to this phase of 
agriculture, and which led to the selection of the Committee on Agricultural 
Engineering, and the training of a group of Chinese college graduates in 
agricultural engineering in the United States. 
It would seem quite appropriate, in presenting this report, to explain just 
what kind of a contribution to Chinese agriculture engineering techniques 
might make, what would be J;he objectives of training a group of specialists 
in this field, and for the sending of a Committee to China to make studies 
and demonstrate these techniques. 
Z. The Relation of Engineering to Agriculture 
Agriculture may be properly considered an industry, since it is represented 
by a group of people of the community engaged in the production of food and \ 
raw materials used for food, shelter, and clothing. The-condition of agricul.:. 
ture is of general concern because its products are basic universal needs. 
An accepted understanding of engineering is that it is a special field of 
training and vocational practice which deals primarily with labor efficiency, 
*1'1China Must Have Agricultural EnR;ineering. 11 P. W. Tsou, Agr. Eng., 
Vol. 23, p. 297. August 1944. 
the utilization of power or energy, other than that furnished by human 
muscles, and the materials of construction and manufacture . Agricultural 
engineering , like several other branches of the profession, deals with the 
engineering identified with an industry, in this case with agriculture. 
Power is applied to a g ricultural production· operations by machines, and on 
~~:::~i~:~:oi:,e ht:;:i:en;~~:~:~:i~n:~~df:~~e~~~a~:~ef:t a:;~i;t:e~:"!djust- I 
ing engineering to production problems. 
3. Chinese and American Agriculture Compared 
Chinese agriculture is a highly developed manual type in that a very limited 
use is made of machines and power. It is sometimes referred to as 11garden 11 
agriculture. On the other hand, in the United States extensive use is made 
of machinery and power . The effect of the absence of engineering techniques 
from Chinese agriculture and its presence in American agriculture is indi-
cated by the fact that 80 per cent of Chinese manpower or national labor 
supply is used in agriculture to produce an inadequate supply of agricultural 
production, while in the United States a surplus is produced by 15 per cent 
of the manpower. It may be pointed out that the use of engineering tech-
niques in the United States varies much in that one-third of the farms pro-
duce 80 per cent of the total production of agricultural commodities . 
4. Objectives for Agriculture 
That a g riculture, its efficiency, and the welfare of its people, is a matter of 
national concern is evidenced by the fact that every nation, large and small, 
has a government unit--a department or ministry, to give special attention 
to the development and support of all matters pertaining to its agriculture. 
That this should be so is easily understood since every person is a consumer 
of food and other agricultural products. 
In outlining an educational prog ram for any phase of agriculture, it seems 
appropriate that consideration should be given to the acknowledged objectives 
sought for agriculture as a whole. One statement of general, over-all objec-
tives lists four primary objectives which are applicable to a community 
approaching a sell-contained or sell- sufficient status. U a country is not 
able to produce certain essential comrnodi.ties, these must be obtained by 
trade, but the advantages of being more or less self-sufficient are easily 
recognized. These four primary objectives for agriculture are as follows: 
l . Sufficient quantity of production to insure that all persons in the 
community may be adequately fed and sheltered. This is the 
objective most often emphasized. 
2.. Production of a .h.i&h quality of food and other products to the end 
that health and physical strength may be assured. 
3. Production of a supply of agricultural products at~ cost in 
order that even those with low incomes may be adequately fed 
and sheltered. 
4 . . Securing for those engaged in agricultural pursuits a measure 
of well-being comparable with that available to those in other 
vocations in the community. 
Mechanization, or the application of engineering techniques to agricultural 
production has a very direct relation to all of these primary objectives. 
The quantity of production depends upon the area cultivated and also upon 
the yield per unit of area. In a country where agriculture is well estab-
lished an increase in area is obtained only by reclamation by drainage, 
irrigation, land clearing, or the use of land of low production by extensive 
methods, Land which cannot be profitably cultivated by manual methods 
may be profitably oropped by extensive machine methods . 
Manual methods of crop production seldom give the highest quality of 
product because it is difficult to perform the various operations of seeding 
and harvesting at the most propitious time. Furthermore, adequate 
facilities for storage and preservation are seldom available. This is 
particularly true of perishable crops. 
A study of the cost of producing crops indicates that where power is avail -
able at a reasonable cost and conditions are favorable for the use of machine 
methods, the cost of production is much lower than with manual methods. 
5. Machines and the Well-Being of the Farmer 
Perhaps the most important contribution of machine methods to agriculture 
is in assuring the farmer a larger measure of well-being . It has been pointed 
out that in any situation the social well-being of the farmer depends, first, on 
a desire for those conditions, surroundings, and possessions which contribute 
to well-being; and second, upon having sufficient funds or income with which 
the desire can be realized. 
A most important relationship discussed in another section with particular 
reference to China is that of the economic position of the farmer to the 
general economic condition of the country. There are on record examples of 
national economy where prosperous conditions were available to most all 
except the farmer, but as a rule a prosperous condition in agriculture means 
general prosperity for all. This is easily understood because if the farmer 
is a large consumer of products and services of other groups the whole 
economic structure becomes prosperous. 
MucM. interest has been shown in the problems of developing manufacturing in 
China. It would appear from a casual study of the situation that much manu-
facturing capacity is not now being used because of the lack of effective con-
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6. Employment 
The replacement of manual methods by machine methods of production means 
that fewer workers will be needed in agriculture . In a country having a large 
surplus of labor the reduction of the number employed in agriculture becomes 
a matter of great concern to many who may not have given the matter extended 
thought. 
History has invariably shown that. in agriculture and also in manufacturing, the 
introduction of machine techniques requires some adjustment in employment 
at the time of change, but adjustments take place rapidly and in the end the lot 
of all laborers is improved . 
It may well be urged as a principle that, in a self-contained community- - self-
sufficient in its material and social needs--the fewer persons required for 
agricultural production the more prosperous the community will be, because 
many workers will be released to produce the commodities and services which 
the community can use in advancing its general standard of living . Such a 
community, if supplied with adequate food and shelter , should have available 
not only the material essentials of well-being but the opportunity will be given 
to develop the social and cultural well- being of the community . 
7. Objectives for an Educational Program in 
Agricultural Engineering for China 
The Committee on Agricultural Engineering, after making a study of the 
objectives of a number of programs for the development of agriculture, 
especially those for China, prepared a statement of objectives for the pro-
gram in agricultural engineering which had been committed to them. The 
Committee has some hesitancy now in presenting this statement in connection 
with a final report. It has not been possible in the brief and shortened term 
of its program for it to give consideration to all of the items listed. However, 
the statement at the time of its preparation was intended to be more compre -
hensive and extensive than could be carried out during the period of the pro-
gram, and was prepared with the thought that a selection of the more impor-
tant and most feasible parts could be made. It was also understood that the 
program of the Committee would need to be modified to meet the views and 
equipment of the cooperating institutions, 
1. Study Chinese agricultural production techniques and equipment, 
and describe and classify these techniques and equipment by 
crops and source of power. 
l. Study the practicability of the application of American production 
techniques to Chinese agriculture. 
3. Conduct experiments in the application of American agricultural 
production techniques and equipment to Chinese agriculture. 
These experiments may include the following types of equipment: 
a . Hand production equipment 
b. One-animal equipment 
Two-animal equipment 
d. Garden tractors 
e, Small tractor units 
£. Medium- size tractor units 
g-. Large tractor units for marginal crop area 
4. Initi ate a program of improvement of hand implements. 
5. Select and develop special farm machines for Chinese conditions. 
6 . Study the development of all possible sources of farm power. 
Investigate fuel supplies and sources , 
7. Assist with the development of farm equipment manufacture. 
8. Relate the use of equipment to soil conservation practices. 
9. Cooperate with the development of water control and conservation 
techniques and construction, land drainage, flood control, and 
irrigation. 
10. Assist in the development of rural processing plants, commWlity 
manufacturing, 
11. Study the possibilities of the utilization of marginal land for crop 
production. 
12 . Assist with the improvement of rural housing seeking to improve 
standards of rural living. 
13. Study the problem of grain storage on individual farms. 
14. Contribute to the advance of rural health and sanitation through 
engineering techniques and construction. 
15. Contribute to an improvement of the methods of transporting and 
distributing of agricultural products. 
16. Cooperate in every way practicable with other agencies interested 
in the attainment of objectives outlined. 
8 . The Methods Used by the Committee 
The Committee and its sponsors believe that engineering techniques of 
agricultural production are an essential part of modern agriculture, and it is 
impossible to produce agricultural products economically; nor is it possible 
to adequately provide for the well- being of the farmer without them. This 
statement i s not intended to minimize the many other factors involved in the 
intricate proc ess of agricultural production. Furthermore, the Committee is 
convinced that a general forward advance in China 1s economic position must 
start with her agriculture. 
The Committee had, in the beginning, no false notions concerning the difficult 
nature of changing even to a small degree the agricultural practices in China, 
which had been developed over many centuries and often have advantages and 
merit not easily observed on the surface . The Committee was advised to 
conduct research, including actual field work, before making recommendations 
of changes . After securing data from experiments it was thought that eco-
nomic possibilities for the use of machines might then be pointed out. 
9. Equipment 
In order that machine methods might be given a thorough trial in actual 
service, the Committee was supplied with an extensive collection of hand 
tools, machines for animals, and field and stationary machines for tractors. 
The field machines were divided into three lots and supplied to the three 
principal cooperating institutions--the National Agricultural Research Bureau, 
the National Central University, and the University of Nanking. 
In addition, equipment of wood and metal-working machines were supplied for 
teaching and research laboratories at the three institutions. 
The machines, tractors, office, shop and laboratory equipment, apparatus 
and supplies were classified as follows: 
Office equipment and supplies 
Library 
Demonstration and teaching accessories 
Photographic equipment and supplies 
Transportation equipment 
Equipment for experimental shop 
Hand tools or implements 
Man-propelled implements 
Animal-drawn implements 
Garden tractors and equipment 
Small tractors and equipment, Farmall Cub, Farmall A 
Medium tractors, Farmall H 
Large tractors 
Heavy tractor, INT, TD6 
Belt-driven machines 
Stationary engines 
Pumps 
Well-drilling equipment 
Windmills 
Domestic water supply equipment 
Refrigerators 
Sprayers and dusters 
Miscellaneous equipment 
Supplies, materials 
10. Term of Service 
The Committee on Agricultural Engineering began their service on July l, 
1946, but conditions in China and in the United States delayed their travel 
and they did not reach Nanking, China, until February 13, 1947. Mr. E. L. 
Hansen found it necessary, on account of illness in his family, to return to 
the United States on April 18, 1948. The other members of the Corrunittee 
left Nanking to begin their return voyage to the United States, November 14, 
1948. 
II . INSTITUTIONS WITH WHICH THE COMMITTEE ON 
AGRICULTURAL ENGINEERING WAS ASSOClATED 
1. The Ministry of Agriculture and Forestry 
The main point of contact of the Committee with the Chinese government was 
through the Ministry of Agriculture and Forestry, which gave official appoint -
ments to three members of the Committee and assisted the Committee in its 
various activities. The first minister under whom the Committee served was 
Or. Y. T. Tsur, who manifested much interest in the program of the Commit-
tee and offered helpful suggestions. Later, Dr . Tsur was transferred to the 
Ministry of Health, and Dr . S.S. Tso succeeded him as Minister of Agriculture 
and Forestry, He was particularly helpful to the Committee throughout its 
stay in China, Special mention should be made of the special interest and 
assistance rendered by the vice ministers of Agriculture, Dr. Chen and 
Mr.Shea. 
2, Ministry of Education 
Dr, Chia-Hua Chua was found to be much interested in the development of 
education in the Held of agricultural engineer i ng, and invited the Chairman of 
the Committee to serVe as an adviser. Some assistance, as described in 
Section VI on Agricultural Engineering Education, was rendered in connection 
with the establishment of a curriculwn in agricultural engineering at the 
National Central University and with the outlining of new courses offered by 
the University of Nanking. 
3, The National Agricultural Research Bureau 
In much of their work the committee was intimately associated with the 
National Agricultural Research Bureau, under the Ministry of Agriculture and 
Forestry. This institution is, as its name indicates, the principal agricultural 
research institution of the country . It is quite similar to the research center 
maintained at Beltsville , Maryland, by the United States Department of 
Agriculture. It is capably directed by Dr. T. H. Shen, Director, and F. C. 
Woo, Vice Director . The bureau is organized into departments representing 
the principal branches of agricultural research . It is located about five miles 
east of the center of Nanking out through the East Gate, Although the buildings 
and other facilities of the institution suffered much during the period of enemy 
occupation, much progress has been made in its rehabilitation. 
In anticipation of the corning of the Committee, a department of agricultural 
engineering was organized under the direction of Professor L. T. Woo and an 
extensive staff of trained workers was selected. Two buildings, used as a 
machirlery laboratory and a research shop, were built. Later, a storage 
building and other small buildings were added to the plant. Land was assigned 
for field experiments, and the Bureau became the principal headqUArters 
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Fig . 3 Residence, NARB 
Furnished the McColly and Davidson families 
Fig, 4 Residence, National Central University 
Prof. and Mrs, Stone lived in an upper story 
II 
of the Committee for research and demonstration work .. Offices and clerical 
assistance were furnished the Committee and two members of the Committee, 
Messrs . Davidson and McColly, were furnished comfortable homes on the 
Bureau grounds for their families. The facilities for research and demonstra-
tion at the Bureau will be described later in Section IV, 
4, National Central University 
This government-supported institution is located near the center of Nanking 
and with its enrollment of over five thousand is the largest of its kind in China. 
As provided for in the original program, one member of the Committee, Mr. 
Archie A. Stone, was given full professional rank and invited to initiate a de-
partment and a curriculum in agricultural engineering. Details of this devel-
opment will be reported in Section VI. The university prepared offices, class-
rooms, and laboratories for the department and furnished a home for Mr. 
Sto.1e, Additional information in regard to the relations of the Committee to 
the National Central University will be included in Section VI. 
5 . University of Nanking 
The College of Agriculture and Forestry of the University of Nanking, a 
private institution receiving public aid, is said to be the oldest of its kind in 
China, being founded in 1914. Mr. E. L. Hansen was, according to the 
original plan, appointed professor of agricultural engineering, giving half 
time to the institution. Additional information in regard to the Committee 1s 
relation to this institution will be furnished in Section VI of this report. 
6. Other lnstihtions and Agencies 
a, Agricultural Machinery Operation and Management Office--AMOMO. 
This organization has been set up to em loy in Chinese agriculture the farm 
machinery supplied under the UNRRA program. This equipment is said to 
have a value of fifteen million U.S. dollars. Dr, P. C. Ma is director, H. T. 
Chien and T. S. Hsu, deputy directors, and A, D. Faunce, associate director. 
The organization engages in the following activities: 1, assembly of farm 
machinery for distribution; 2, training of operators and mechanics; 3, custom 
work for farmers; 4, reclaiming non-cultivated land with farm machinery; 
5, allocation of farm machinery to farmers and cooperatives. AMOMO is 
organized into seven departments, and in July 1948, had 1588 employes, dis-
tributed between a central office and supply center, and thirteen regional 
offices. 
b . National Agricultural Engineering Corporation- -NAEC. This is a 
manufacturing organization with a central factory in Shanghai. A branch 
factory, with new buildings and equipment, is located in Nanking and oth~r 
branches are contemplated. 
Actual production of machines has been delayed through inability to secure 
either production machines or materials. The factory is now ready to go 
into production of small engines, cotton gins, and rice hullers and polishers. 
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Mr. C. Y. Lin is general manager of the corporation, and four of the seven 
Chinese engineer graduates who were given special training in the United 
States under lend-lease arrangements are employed by the organization. We 
were advised that some hand tools had been manufactured but were not favor-
ably received by the Chinese farmers at the prices asked. 
c. Executive Yuan Committee on Agricultural Rehabilitation and Supply--
EYCARS . The Chairman of the Committee was asked to join a group of 
advisers reviewing the agricultural projects submitted by various govern-
mental and institutional agencies for financial aid under the general economic 
program for aid. This sub-committee was under the capable direction of Dr. 
C.H. Chang of the University of Nanking. The project outlines which were 
reviewed furnished much information concerning agricultural conditions in 
various sections of China. The Committee was invited to assist the new 
Joint Commission on Rural Reconstruction, but found it necessary to leave 
China before the service was needed. 
d. Food and Agriculture Organization--FAO. The Committee members 
were consulted on several occasions concerning projects conducted by this 
organization, but the time available for such cooperation was very limited. 
The construction of a pit silo and the harvesting of and siloing a crop of corn 
was a cooperative enterprise which we would have liked to continue. Chinese 
dairy husbandrymen as a rule do not appreciate the value of succulent winter 
feed for dairy cows. 
e . Other Chinese educational institutions. The Committee was invited 
to visit a number of educational institutions during its sta.y in China. All of 
those giving instruction in agriculture are anxious to include agricultural 
engineering subjects in their curricula. None of the institutions, with the 
exception of those in Nanking, has sufficient farm equipment to make the 
instruction effective. 
In the appendix will be found a complete list of education institutions and also 
a list of addresses made by various members of the Committee to the 
students. 
7, Travel in China 
In the original plans for the Com.rnittee, provision was made for extensive 
travel throughout China to observe her agriculture. Political and military 
conditions did not permit extensive travel but several extended trips were 
made, among which the following may be reported: 
a. Wusih, Kiangsu Province. This is a highly developed rice growing 
area with some silk production. 1t is famous as an educational center, being 
the seat of Kiangsu National Teachers College. 1n the area there are several 
successful farmer cooperatives. It is also a principal silk production center 
and has extensive silk mills. 
b. Hangchow, Chekiang Province. This rich productive agricultural 
area produces large quantities of rice, wheat, and fruit. There were two 
large drainage reclamation projects being developed in this area at the time 
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0£ the visit of the Committee. The province has a well-developed agricultural 
bureau. Incidentally, Hangchow is the cleanest and apparently the best 
managed city we visited. It is the seat of an excellent educational institution, 
the Chekiang National University, 
c. Chungking, Chengtu and Peipei, Szechwan Province. This, in several 
respects, was the most interesting trip made by the Committee, Szechwan 
Province is an inland area which, due to the mountains to the west, has a re-
markable climate, making it possible to grow subtropical crops such as 
citrus fruits and sugar cane. At Chengtu the Szechwan National University 
and West China Union University were visited . Chungking has steel mills, 
ship yards, cement plant, and many other factories . These were built up dur-
ing the war, but now the factories cannot sell their products . Peipei is a very 
advanced community northwest of Chungking, with not only an intensive agri-
culture but with progressive schools and many communi ty interests, The 
famous Tukiangyien irrigation development is north of Chengtu. The Committee 
was much impressed with the natural resources of the province . Coal was 
abundant and widely distributed over the area. 
d. Peiping, Hopei Province. Peiping is an ancient capital of China, and is 
located in the center of one of the largest fertile plains of the country . It was 
also of interest to the Committee because a substation of the National Agri-
cultural Research Bureau is located near the city. At one time , during the 
early planning of the Committee program, consideration was given to making 
Peiping the headquarters for the Committee. The substation of NARB has many 
excellent buildings and extensive fields for experimentation . Irrigation is ex -
tensively practiced in the area . Much of the area near Peiping has artesian 
water which can be utilized by pumpi ng. 
While in Peiping a number of trips were made to the country and a number of 
farmers were interviewed. All showed an intense interest in farm machinery. 
Many of the farms were of such a size and the crops growing were of the kind 
adapted to the use of machinery. Many of the farmers, on account of the size 
o f their enterprises, were economically able to purchase machines. 
As the t rip to Peiping was made by airplanes, a good opportunity to observe 
the farming in the coastal region between Shanghai and Peiping from the air 
was afforded the Committee. 
e. Yellow River Reclamation Project, Kiangsi, Anhwei and Honan 
Provinces. ln April 1947, Messrs. McColly and Stone, through arrangements 
made by Minister Tsur and Director Shen, joined a g roup of government and 
public o r gani zation officials in making an inspection of t he Yellow River flood 
area which had been under construction. 
The area visited includes altogether about 2,300,000 acres in the three 
provinces , The area was flo~ded in 1938 as a military measure by the opening 
of the dikes confining the river to its northern course. During the ten years 
the area was flooded, sand and silt has been deposited over the area to a depth 
o f as much as fifteen feet in places. It is estimated that five million people 
wish to return to the land, 
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UNRRA planned to supply much material and equipment to help the returned 
settlers. War, however, interfered greatly with the resettlement. 
The members of the Committee who made the inspection trip considered it a 
rare opportunity and experience to visit what is claimed to be the world's 
largest land reclamation project. 
f. Chuhsien, Anhwei Province, In June 1948, Mr . Davidson accepted an 
invitation to visit a resettlement project in Anhwei Province about 50 miles 
north of Nanking . This area was first devastated by the Japanese and all 
buildings outside of the cities burned. Following the war, the farmers re-
turned to the area but were preyed upon by the bandits living in the hills 
farther north. 
The significant observation was that there we r e thousands of acres of fertile 
lands lying idle. The rehabilitation agencies were aiding the farmers in be· 
coming reestablished. 
g. Kuling, Kiangsi. The Committee spent most of the month of August 
1948 in Kuling, a mountain resort along the Yangtze River. The trip was made 
by river steamer, and the outgoing trip came when the river was in full !load. 
The seriousness of the problem of flood protection to the farmers on the 
flooded land was evident. Kuling is a community of 3500 or so, but during our 
stay not a single work animal or wheel vehicle was seen. 
h. Hang chow, Chekiang, and Nanchang, Kiangsi Province. Messrs. 
Davidson and McColly were invited, in October of 1948, by AMOMO to visit 
their centers maintained at Hang chow and Nanchang, 
AMOMO, as previously mentioned, is the organization committed with the 
responsibility of arranging for the use of the equipment supplied under the 
UNRRA program. 
On this trip the Committee members were given an opportunity to observe: 
1, the storage, care, and management of the equipment placed in the hands of 
the organization; 2, the training of operators and mechanics; 3, method of 
doing custom work for farmers. Although contemplated, we did not see for 
ourselves the equipment disposed of to cooperatives or to individuals. 
The Committee was very favorably impressed with the care used in accounting 
for all the equipment received. 
The organization was undertaking certain farming operations. It seemed to 
the Committee that not sufficient attention was being given to agronomic 
aspects of the enterprise. 
A very important observation was the enormous area of uncultivated land seen, 
It was stated that at one time the province had a population of thirty million, 
but at the present time it had been reduced to eighteen million . 
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i. Taiyuan, Shansi Province. Upon the invitation of Marshall Yen of 
Shansi Province , the Committee made a trip to the province by air in July of 
1948. It developed that Shansi has extensive coal and iron resources, A 
large steel mill and several metal-using factories have been built. The 
Marshall had his followers working on the problem of manufacturing tractors 
and farm machines, 
It appeared to the Committee that, as in some similar situations, the problem 
was largely that of the farmer attaining an economic status that would enable 
him to purchase the equipment. 
As the trip was made by air, via Peiping, a good opportunity was afforded to 
observe the topography of the province. 
j. R i ce Lake, Kiangsi . This is an extensive rice growing area on re-
claimed land and near Nanking, said to represent some of the most advanced 
practice. A trip was made to the area in company with representatives of 
the Extension Service of NARB. 
k. Shanghai, Kiangsi Province. During the Committee's stay in China 
numerous visits were made to Shangliai, which is the center of many agri-
cultural activities , Among these visits may be mentioned: 
1. The factory of the National Agricultural Engineering Corporation. 
l . The plant of the Agricultural Machinery Operation and Management 
Organization. 
3 . Field day o f AMOMO. 
4. The lnsecticide and Equipment Manufacturing Plant of the 
Ministry o f Agriculture and Forestry. 
5. Farms of the Ministry o f Agriculture and Forestry. 
1. Several other s h ort trips of study, observation, and demonstration 
were made, among which the following may be mentioned. 
1. Pa Kwa Chao island (in Yangtze River) reclamation district north 
of Nanking. An attempt was made to use tractors in this district 
several years ago. This yea r ten tractors with equipment have 
been sent into the area. 
2 . Governor Chang 1s farm in Kiangsi Province. A demonstration of 
an American horsedrawn plow was made, which resulted in its 
continued use . 
3. Chu Chung, Kiangsi. Tractor operators ' training center. An 
attempt is being made here to use tractors cooperatively for 
doing the heavier operations. 
m. Trips to farms . On several occasions the Committee was invited to 
visit farms near Nanking, particularly those owned and operated by the 
National Central University and the University of Nanking. A farm at 
National Central University is used for demonstrating tractor and farm 
machines . The University of Nanking has five farms which it proposed to 
mechanize as far as practicable. 
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On the way home from China the Committee, while at Bombay, was invited to 
visit the Sheth Plantation near the city. The plantation is now equipped with 
IH tractors and farm machines, 
III. CHINESE AGRICULTURE AND ITS RELATION TO 
TRANSPORTATION, MANUFACTURING, AND MINERAL RESOURCES 
1 . Agricultural Geography, Population, 
Arable Land, and Annual Production 
I 7 
China is strikingly similar to the United States in size, in shape, and in its 
location in the Northern Hemisphere . Both countries extend through the same 
thirty degrees of latitude (roughly, from zoo to 50° north). The distance from 
the southern tip of Florida to the northern protrusion of Minnesota is almost 
the same as that between the southern and northern extremities of Greater 
China. Peiping (lit. northern capital) has about the same latitude as Philadel-
phia, and Nanking (southern capital) nearly the same as Savannah, Georgia. 
From their eastern seacoasts both countries extend westward through sixty 
degrees of longitude. And even more striking- -the lOOth meridian is almost 
a perfect bisector of each country; the lOOth west passes through central 
United States and the lOOth east through central China. Actually, of course, 
this position in longitude is not a similarity, but a distinct difference- -a 
global contrast- -for it places the two countries on almost exactly opposite 
sides of the earth. In total area the similarity is less exact as China, includ-
ing the far western provinces of Sinkiang (Chinese Turkestan} and Tibet, is 
about one-third larger than continental United States. It comprises roughly 
four million square miles as compared with the three million of our own land. 
Because of the great variation and extremes of climate and topography--
subtropical southern and cold northern regions, humid seacoast, semiarid 
plains, deserts, plateaus and grassy steppes, lowlands, hillsides, mountl\ins--
almost all agricultural crops, tree and forest products, and range livestock 
are produced in China. 
China is divided into 28 provinces, not including semiautonomous Tibet. Ten 
of these are wholly or partially north of the Great Wall--that ancient bulwark 
erected to protect the husbandman from the marauding nomad. The eighteen 
provinces south of the Great Wall are often referred to as China Proper. 
One striking difference between China and the United States is that of total 
population. China is the homeland of nearly 500,000,000 persons--between 
1/5 and 1/4 of the human race. The United States has, say, 140,000,000, or 
about 1/18 of the world's people. But the distribution of population is some-
what the same in that the eastern seaboard regions in China and in the United 
States are the most densely populated, and the western regions are sparsely 
peopled. However, in China the density of population, especially in most of 
the eastern provinces, is so great that it constitutes one of her greatest 
problems . 
The line drawn on the map (Figure 5) extends southward through Peiping and 
Hank.ow to Canton. The region east of this line contains most all of the 
railways, the most productive agriculture, the best developed coal mines, 
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more than 90 per cent of the industrial population, and over hall o( the total 
population. 
A comparison of the density of population in the eastern and western prov-
inces gives the following data: 
Table 1 Distribution of Population per Square Mile 
Coastal provinces 
Shantung . . . 
Kiangsu . . . 
Chekiang ....• , 
Fukien ..........•. 
Kwantung ... 
634 
573 
532 
252 
363 
Western provinces 
Sikang ... . ... . .. 1.3 
Chinghai. . . . . • . 5.3 
Sui yuan. . . . . . • . . . . . . . . . 17 .1 
Sinkiang . . . • . • • • . . . • . . . 6. l 
But numbers per unit of geographical area utterly fail to portray the gravity 
of China •s major problem--hunger, the hunger of a large proportion of her 
tremendous and rapidly increasing population. Nor is it likely that improve-
ment in China's agriculture alone, however successful, can ever bring a com-
plete solution. That will require a diminution in the rate of population in-
crease. and general prosperity throughout her whole economy so that food can 
be purchased from abroad. 
China does not have enough productive land to feed her people . Even if her 
millions could be evenly distributed through that vast land, all China would b e 
as thickly inhabited as our favored agricultural states of Indiana and Illinois. 
But with mountains and deserts, rugged hills and arid plains, only 10 per cent 
of Greater China can produce food. Hence her people are cramped, perforce, 
into the cultivable areas, with but one square mile o( agricultural land £or 
every lZOO persons . 
It is essential, therefore, that the full limit of production be wrung from 
every available acre. And so £ar as their situation, ability, and equipment 
permit, Chinese farmers as individuals strive toward this goal. They farm 
steep slopes, terraced hillsides, and hilltop patches, in addition to their bet-
ter acres--with intercropping and double - cropping wherever the seasons 
permit. In some southern regions three crops are grown annually. 
With the several important exceptions noted later, relatively little good land 
remains unoccupied, at least little that can be economically worked with the 
present manual techniques o( cultivation. But a substantial amount of produc-
tive land can be added when the changes and techniques referred to in Sections 
Vlll and IX can be adopted. At present, as a result of the current military 
action and the aftermath of many years of war and civil strife, large tracts 
of good land are unsafe for permanent habitation and now they lie idle, un-
tenanted, and unproductive. 
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Fig. 6 There are vast areas of abandoned land in China, as well 
as extensive areas of marginal land. Here is an area 
being considered for resettlement. 
Fig. 7 Yellow River flooded area showing silt deposits. 
Occasionally water was trapped in low areas. This area 
is one of the largest reclamation projects in the world. 
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Despite its difficulties, China, with more than 60 million minute farms, still 
ranks high among the leading nations in total agricultural production. It leads 
the world in the production of rice and ranks high in wheat, sweet potatoes, 
kaoliang, soybeans, millet, and barley and has been among the foremost in 
production of tea and silk. Before the last war China raised more hogs than 
the United States. 
Table 2 Estimated Yearly Production of Important Crops 
and Livestock During Prewar Period (1931 - 137)* 
Kinds of cereals 
Production in piculs 
(110 lbs. = 1 picul) 
Unhusked rice .. , ... .. .. . 
Wheat and barley ...• , . , . . , • . •. 
Sweet potatoes ... ... .. , . , .•. .. 
Kaoliang ...... ..... • , 
Millet ........•.. , . . .. 
Corn. 
Soybeans . • • . . •••.•• , 
Field peas . . . . . . ... . . . . 
Broad beans .... . ..... . 
Peanuts ... . ...... , . 
Rapeseeds ....... .. . 
Proso millet. . . .•.... .. , . . . 
Oats. . •..•... 
Sesame . , ......•...... • . • . • • 
Cotton . . ........... , 
Tobacco. . . . . . .. ••.. .. 
Total.. 
Kinds of livestock 
Labor animals 
Water buffalo and cattle ..••.... 
Horses, donkeys, mules . 
Productive animals 
Poultry . . ... . , . , .. . .. . 
Hogs ........... . 
Sheep and goats ... . 
Total . , 
1,000,000,000 
600,000,000 
400,000,000 
140,000,000 
140,000,000 
140,000,000 
140,0CO,OOO 
60,000,000 
60,000,000 
60,000,000 
60,000,000 
20,000,000 
20,000,000 
20,000,000 
20,000,000 
20,000,000 
2,900,000,000 
Number 
J0,000,000 
20,000,000 
300,000,000 
60,000,000 
30,000,000 
440,000,000 
*Source: National Agricultural Research Bureau. 
Fig. 8 Hand sickle used for harvesting. Practically all the 
small grain in China is cut with this tool. 
Fig. 9 Threshing soybeans with a stone roller drawn by 
water buffalo. The wooden fork used for scattering 
and winnowing is trained into shape while growing 
in the tree. 
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Including the northeast provinces (Manchuria) and the border provinces of the 
north and west, the total cultivated area is estimated to be 425,000 square 
miles, which is approximately 10 per cent of tfle geographical area. 
Excluding the arid and mo1.111tainous border lands , but including Manchuria, the 
cultivated area has been estimated to be 390,000 square miles, which would 
mean that 25 per cent of the total land area of agricultural China is cultivated . 
Currently, however, the percentage of cultivated land is substantially reduced, 
for reasons mentioned above. The most recent studies by the National Agri-
cultural Research Bureau, covering 22 provinces and with figures corrected 
to March 1948, reveal that only 13.2 per cent of the total land area is culti -
vated in these provinces (see Table 3). 
Agricultural China, lying eastward from the border provinces and the grassy 
steppes, deserts, and great mountain ranges of the north and west, comprises 
only one-third of Greater China. Within this agricultural region the weighted 
average size of farm is 17 mow (2-5/6 acres), which means that the average 
farm household of 6.2 persons must gain its livelihood from less than one -
half acre of cultivated land per farm person. But 27 per cent of the total 
population are nonfarm people. They too depend upon the productivity of the 
cultivated land. This means that the per capita acreage of cultivated land for 
the total population is only about one - third acre. (See Table 3.) 
2. Agricultural Regions of China 
Preliminary to a more detailed consideration of the extensive and diverse 
agriculture of China, it is helpful to note five great regions and the basic and 
most important product of each . 
a. Frontier and Borderlands - -sh'eep 
b. Northeast Provinces {Manchuria)- - soybeans, timber 
c. North China -- wheat 
d. Central China (a transitional area)--wheat, rice 
South China- - rice 
To a marked degree the present economy and the customs of the people of 
each region have been shaped by the basic product named. However, each 
region merges gradually with the adjoining; there is no definite line of 
demarcation; the products of each region are many and varied . 
The Great Wall, which in ancient days barred the nomad from the farmer, 
extends westward from Linyu on the Yellow Sea to the deserts of central 
China, a distance of 2,550 miles. But today it is a symbol of this historic 
division rather than a definite demarcation, for much of the spring wheat area 
lies to the north and many grazing areas exist south of the wall. 
Yet not far north of this enduring marker, perhaps halfway to the southern 
boundary of Outer Mongolia, the climate becomes unfavorable to settled 
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agriculture; rainfall is scanty, temperatures are low, and growing seasons 
short . Except in favored local areas, grazing livestock on the vast grassy 
plains is the chief occupation of the nomadic Mongols inhabiting this region. 
Sheep are most important as they supply almost the entire livelihood of the 
people --food, clothing, tents, bedding, fuel (from dung), and wool and pelts 
for export and trade. Fine £leeces are produced on the dry plateaus and long, 
coarse, heavy fleeces (carpet wool) in the cold mountain regions. Chinese 
carpet wools are among the best in the world and normally China supplies a 
large proportion of America 1s needs as little of this type of wool is produced 
in the United States. 
The nomadic culture of the herdsman-- sheep, cattle, horses , goats, and 
camels- - is common to . the western portion of Heilungkiang, the northern 
portions of Jehol, Charhar, and Suiyuan, northern and western Ningsia and 
Sinkiang, northern and western Kansu and Tsinghai, western Sikang, and 
eastern Tibet. This vast region comprises a great border belt extending 
across the extreme north and northwest and stretching from the northeast 
to the west. 
Sinkiang, China 1s extreme northwest province, and her largest.. is twice the 
size of France. Although most of the area consists of inaccessible deserts 
and mountains, the province has great strategic importance. 
Despite the great areas of desert and mountains the region may well repay 
development costs. Agriculture, though confined to the fertile oases along 
the highways, is noteworthy. Crop production depends almost entirely upon 
irrigation made possible by the many inland rivers which , though torrential 
near their high mountain sources, gradually lose velocity and flow for hun -
dreds of miles before disappearing into the sands or into the inland lakes and 
salt seas. 
In the fertile areas, oases, which at intervals mark the routes of the roads--
wheat, rice, cotton , vegetables, and fruits are produced; the grapes from the 
city of Turfan and of Hami are well known throughout much of Asia. Along 
the bases of the mountains, where rainfall occurs, are found heavy pine 
forests, a potential source of lumber, and pasture lands permit large-scale 
raising of sheep, cattle, and horses. 
In several large areas of this region , especially in the western end of Kansu 
province, there is an agricultural problem that was especially interesting to 
the Committee. Here large areas are devoted to pasture and grazing; live-
stock includes cattle, sheep, horses, camels , goats, yak, etc. But the grazing 
season is of few months duration. Although much of the land is not over-
grazed the number of livestock is severely limited. With present hand sickle 
methods it is impossible to cut enough grass during the short period of its maxi-
mum growth to carry the optimum number through the long winter, when much 
of the land is snow-covered. 
This situation was discussed at National Central University with Mr. Illsley, 
Agricultural Engineer of the Bailee Industrial Cooperative at Shantan, Kansu, 
and with Dr. C. C. Chang, Agricultural Economist of the Bank of China, at a 
conference in Shanghai. In passing, we venture the opinion that Dr. Chang is 
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one of the best informed and most practical authorities on Chinese agricul-
ture. 
~:~::, 0!~:;~n a~!n~~{ti:;;;i:~e~~dg~:. ;~~~:~· a~~:~~:n:0::;~~;t~i~:~:a:os 
an increase of livestock produced. Ample animal power is available to 
operate the mowers and some sections have easy access to petroleum fuels 
from oil fields recently developed within Kansu Province, which would make 
tractor use practicable. 
The need for such equipment is so apparent that Mr. Illsley is planning to 
attempt the manufacture of mowers in the machine shops of the Bailee 
Industrial Cooperative at Shantun. Cutting sufficient grass during the short 
season on large areas of relatively sparse growth is the ''bottleneck". Other 
haying operations are less critical; curing and storage in this dry area are 
not difficult problems. 
This vast region of nearly 500,000 square miles includes four provinces--
Jehol toward the southwest, Heilungkiang on the north with the Amur River as 
a common boundary with Siberia, Kirin on the northeast separated from 
Russia's maritime provinces by the Ussuri River, and Lisoning in the south 
with a common boundary with Korea. 
( 1) Central Manchuria is a great rolling plain surrounded by low tree-
covered mountains on the west, north, and east, and comprises the largest 
agricultural area of China. 
Favorable climate and fertile soil make the region outstanding in China's 
agriculture. Proximity to the sea brings additional rainfall in the summer, 
the annual average being from 20 to 25 inches, one-hall occurring in July 
and August . Summers are warm and moist with an average July temperature 
of 72°F.; winters are cold and dry with an average of ooF. at Harbin; 150 days 
per year are free from frost. 
Shortly before the turn of the century a heavy migration started pouring into 
this rich land--from Russia, China, Japan, and Korea. After 1931, it became 
the Japanese puppet state of Manchukuo. By 1940, most all the good land had 
been occupied as well a s the hill and forest regions, and population had 
reached 40,000,000. 
This central plain may well be designated as the soybean-kaoliang area of 
China, kaoliang being extensively raised in the southern portion of the plain 
and soybeans in the north. Each occupies about 25 per cent of the total 
acreage. Kaoliang, a type of sorghum, is the staple food cereal and also 
supplies animal feed, fuel, building material, and strong drink. Soybean is 
the principal export crop of Manchuria . Before the Japanese invasion about 
70 per cent of the total production was exported. It was the chief agricul-
tural export of a ll China, and amounted to about one-fifth of all the exports 
in value, in this r egion soybeans are planted in early May and harvested 
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the latter part of September, the growing season being from 140 to 150 days. 
Other important crops are millet, spring wheat, corn, and barley. 
Not only the total cultivated acreage, but also the acreage per farm- - 8 acres 
--is the largest of any region in China . Draft animals--horses, mules, don-
keys, oxen--are more numerous and are well employed. The mechanization 
of agriculture has made most progress here and the region gives the most 
promise of its continued advance. 
(Z) Northern and western Manchuria is mountainous. The Ta Hsing-an 
range in the west separates the c entral plain from the plateaus of Mongolia 
and the Hsiao Khingan ranges cross the northern portion of the province of 
Heilungkiang. 
Large portions of both ranges are relatively low and well wooded, still 
having good stands of birch, larch, and oak. Lumbering is a major occupa-
tion, especially in winter, when workers from the valleys and sections 
adjacent to the railroads move into the forests. 
The extreme west of Manchuria is a wide area of steppe and pasture land, 
occupied largely by Mongol herdsmen. 
The climate of the north and west regions is not well suited for agriculture , 
there being only about 100 days free from frost, scant rainfall--about 12 
inches annually-- and little snow in winter. 
(3) Eastern Manchuria. Lu.mbering is the major occupation of this 
region also, and the timber here is reported as among the best in China, 
including Korean pine, spruce, larch, elm, birch, oak, and fir. Large 
timber reserves of good quality exist in the mountains of eastern Liaoning 
and Kirin. 
Although the growing season is short and winters are severe, farmers greatly 
outnumber those engaged in other occupations. Their principal crops are 
soybeans, millet, spring wheat, kaoliang, and ginseng. 
The northeast provinces are relatively a rich and progressive region; they 
probably have more mechanized industry, more mechanical horsepower per 
capita, and more miles of railroad per square mile of area than any area of 
similar size in China, 
The important region here designated as North China extends from the 
Yangtze Valley on the south to well beyond the Great Wall in the north, and 
from the ocean on the east to the frontier provinces on the west. At these 
extremities the scant rainfall and short growing season limit settled agri-
culture, whic h gradually gives way to the grass culture of the steppes and 
plateaus of the northern and western frontier. Perhaps, a clearer designa-
tion would be 11North Agricultural China11• 
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A general characterization of its agriculture might well be the· single word, 
wheat. For, historically, wheat has been a major product and has wrought an 
ethnological distinction between the peoples of the north and their neighbors 
in the ricelands in the south--a distinction that is still discernible. However, 
not wheat alone, but a more diversified diet may have contributed to this 
difference. For in parts of the north, 11wheat, kaoliang, millet, corn, sweet 
potat oes, and soybeans each supply at least 5 per cent of the total calories. 
In the south no crop other than rice supplies more than that proportion. 1~ 
The agricultural regions of North China can be more accurately delineated by 
cons ide ration of the spring wheat area which gradually merges with the bor-
der lands of the north and west, and the winter wheat area which leads to the 
ricelands of the south. 
( 1) Spring wheat area. Spring-sown wheat is characteristic of the 
southern and eastern parts of Jehol, Charhar, and Suiyuan; the northern and 
western protions of Ningsia: northern Shensi and Shansi; eastern Tsinghai, 
and parts of Kansu. Much of this area is north of the Great Wall, which is 
not the northern limit, but rather, a bisecp.on of the area. 
Winter temperatures are low, and only five months are free from frost. 
Crops are planted in the spring or early summer, and it is essentially an 
area of one annual crop. The annual average rainfall is 14 inches--so low 
that in many sections irrigation is essential. Available natural sources of 
water are few--chiefly the Yellow River and its few tributaries, hence dry 
farming prevails throughout much of the area. 
Other crops include barley, oats , millet, peas, beans, hemp, flax, and the 
important kaoliang. Livestock raising also is common. and wool i s a major 
export product. The crop area per farm is 7.3 acres; yields per acre are 
well below the national average; famines are severe, and standards of living 
exceptionally low. 
Despite the disadvantages of cold and arid weather, most all the best of the 
cultivable land has been occupied, and the region in gene ral probably has a 
greater population than it can support with present techniques of production. 
Recent studies by the National Agricultural Research Bureau indicate much 
cultivable wasteland in the northern provinces of the spring wheat belt. 
Extension of cultivation in these regions requires stable and helpful govern-
ment, personal safety and security, equable taxation and ag r arian laws, and 
above all, the intelligent application of tested principles of soil conservation 
and land use, as well as the introduction and use of equipment adapted to an 
extensive , rather than an intensive, garden-type of agriculture. (These 
technical requirements and the possibilities which may accompany their ful-
fillment are discussed more fully in Section IX , Soil and Water Conservation.) 
Given such conditions and techniques and assuming the development of ade -
quate transportation to serve these distant regions, it seems quite possible 
*G. B. Cressy. Asia--Its Land and Peoples. 
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that the amount of cultivated land could be substantially increased. But unless 
the principles of soil and water conservation and land use and proven methods 
of extensive cultivation are fulfilled, attempts to bring more land under the 
plow might prove disastrous rather than beneficial. 
{2) Winter wheat region. The region dominated by this basic c rep in-
cludes the provinces of Shantung, Hopei, southern parts of Shansi and Shensi, 
southern and eastern parts of Kansu, northern Szechwan, southern and eastern 
Sikang, northwestern Yunnan, Honan, northern Anhwei, and northern Kiangsu. 
Winter wheat, however, is only one of a great number of products . This 
region is also important in production of cotton and tobacco. Double-cropping 
is commonly practiced, especially toward the south and in localities having 
favorable conditions. Summer crops are kaoliang, corn, millet, soybeans, 
sweet potatoes, white potatoes, and a great variety of vegetables; winter crops 
include wheat, barley, and beans. Special areas are noted for fruit growing 
including apricots, peaches, pears, apples, grapes, and melons. 
Temperatures range from o0 to l00°F. The eastern section has an average 
annual rainfall of 24 inches and the western section 17 inches . Crop area per 
farm is 5.1 acres in the east and 3 .7 acres in the west. 
Donkeys and yellow cows (oxen) are the principal work animals, although 
small horses and mules are also fairly common. Mules especially are highly 
regarded. 
The best agricultural lands of this area lie within the great North China 
Plain, an alluvial delta land formed through the ages by the silt-laden Yellow 
River. The North China Plain contains some 80,000 square miles, and ex-
tends from near Linyu, where the Great Wall joins the sea, southward to the 
lower valley of the Yangtze. 
This is one of the rich agricultural sections of North China and is the home-
land of eighty million people (about .64 acres per capita). Somewhere on this 
great plain, perhaps near Kaifeng, wheat growing and settled agriculture 
originated and Chinese civilization had its origin. 
But now the region is sadly torn and distressed as a result of world war and 
civil war. In 1938. to halt the Japanese invaders, the Chinese destroyed the 
great dykes at Hua Yang Kus which confined the Yellow River. This stern 
military measure inundated 2f million acres of rich farm land and sacrificed 
the lives of a half million patriot farmers. For eight years the river wan-
dered over wide areas, destroying farms and villages and depositing a thick 
blanket of silt and sand over the fertile soil. 
In 1947, with UNRRA aid, the Chinese completed the repair of the damaged 
dykes and directed the river again into its prewar channel. Two members 
of the Committee traveled through this flooded area in May 1947 and viewed 
the desolation from atop the final closure. Willows and shrubs have over-
grown much of this area, sand dunes cover many of the best farms, bound-
aries and property markers are obliterated, titles and locations uncertain; 
it was, indeed, a scene of chaos. 
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Complete reclamation of this area will be a long - time project. Although this 
recent man- made disaster was catastrophic, it was but one of many which 
have been visited upon the region. For throughout history the Yellow River 
has been the enemy as well as the friend of the Chinese farmer, and it has 
earned the name, 1thina 15 Sorrow 11 • To control its waters, confine and 
harness them, to prevent floods and lessen the seve.rity of droughts, to con-
serve and use the waters for irrigation and productive purposes, to conserve 
and improve the soil of this valley--all this is perhaps the greatest soil and 
water conservation project in the world today. Successful completion of such 
a vast project would benefit more people than the present population of 
Germany. 
(3) Shantung, at the eastern edge of the winter wheat belt and bordering 
on the Yellow Sea,is mountainous throughout half its area, originally forests, 
but now denuded. Nevertheless it is one of the most densely populated prov-
inces , and nearly 90 per cent of its people are farmers. {See Table 3.) The 
annual rainfall of 30 inches is greater than that of the plain to the west, but 
its hot summers and cold winters are similar to the climate of the plain. 
Cultivation is very intensive; crop area per farm is a little less than 3 acres 
and nearly all of the cultivable land is occupied, under normal conditions. 
It has the highest percentage of owners (68 per cent} and the lowest per -
centage of tenant farmers {12 per cent) of any province in agricultural China. 
With a population {estimated) of 42 million, and 17 million acres of cultivated 
land, the per capita acreage is a little over .4 acres per person. 
In general, dry land farming is the rule. Crops are the same as for the rest 
of the winter wheat belt, but there is more production of fruit, especially 
melons, pears, and grapes, and also cotton and tobacco. 
Shantung has more work animals than any other province except Honan; about 
three - quarters of the farms possess one--a high average for Chinese farms. 
Yellow cows and donkeys predominate. In egg production and chicken raising 
Shantung is notable, having more chickens than any other province except 
Kwangtung. 
The rich mineral resources of Shantung will be discussed below under that 
subject. 
{ 4) The loess highlands include a considerable portion of the winter 
wheat belt within their 200,000 square mile expanse. Through the centuries 
much of the area has become blanketed with a thick layer (up to 300 ft.) of 
fine silt which is windborne from the arid lands farther west . This large-
scale wind-erosion is still in process; heavily dust laden air often shrouds 
the beautiful city of Peiping. The loess formation covers the province of 
Skansi, much of Shensi and Kansu, parts of Hopeh, Honan, Charhar, Suiyuan, 
and Ningsia. 
Rainfall is limited to about 15 inches annually, half of this amount falling in 
July and August. Although irrigation is practiced wherever possible, natural 
sources of water supply are scarce. Crops are the same as for the winter 
wheat belt in general, with tobacco and cotton as the principal cash crops. 
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In July of 1948 the Committee visited Taiyuan, the capital of Shansi province 
in the center of the loess land. Certain phases of this visit are reported in 
Section II. The information and data supplied at first hand by our host, 
General Yen, Hsi-shan, governor of the province and his staff of agricultural 
assistants, probably typifies the needs and plans for future agricultural 
development. 
General. Yen has served as governor of the Province of Shansi since the 
revolution in 1911. Shansi is often referred to as a model province, and the 
work of General Yen in its development has received high commendation 
from many sources. Governor Yen has achieved much in raising the stand-
ard of living of his people and in developing agriculture and industry. 
At the time of our visit Shansi was an isolated, inland empire--entirely 
surrounded by Communist-held areas, and accessible only by air. 
Governor Yen advised us tha t the provincial government has <)Ontrol of the 
use of the land--although private land ownership has not been abolished--
and it would be relatively easy to enlarge farms so they would be better 
adapted to the use of power machinery. The governor and the members of 
his agricultural staff are keenly interested in the introduction and use of 
modern machinery. They have made some beginnings in manufacturing 
farm equipment and believe that improved equipment i s essential to the 
progress of their province . 
Their analysis of the current need for farm equipment, in the territory 
immediately surrounding Taiyuan, is given below: 
200 tractors with 2-bottom plows and harrows 
20 fertilizer distributors 
30 harvesters (type not stated) 
30 each of grain drills, manure spreaders, mowers, cultivators, 
soil pulverizers, dyke-makers 
Further reference will be made to developments in Taiyuan under the sec-
tion on manufacturing. 
Observations made during a flight over Shansi province and photographs 
ta.ken indicate that most all cultivable land is in use . other data indicate 
that the population pressure on the arable land throughout the loess region 
as a whole for the 44,000,000 inhabitants , having a cultivated area of 35,000 
squar e miles, at almost exactly t acre each. More recent data for the 
province of Shans i a lone indicate .8 acre of cultivated land per person. 
d. Central China 
Centra l China is a wheat and rice region and a trans itional a rea within which 
occurs a gradual change from the predominance of wheat in the north to that 
of rice in the south. Hence, both of these major crops, as well as nearly all 
others, may be found in central China. 
~irt::Jtrn~ mir'1'91lnIBrt 
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The eastern third of the region includes southern Kiangsu, northern Chekiang, 
southern Anhwei, northern Hupeh, east and central Szechwan, central Yunnan, 
and northern Kweichow. This eastern section consists of relatively low hills 
and valley lands which merge with the level Yangtze plain and' the alluvial and 
delta land o{ Huai and Yangtze Rivers. The delta of the latter--known in China 
as the Long River--extends from Chinkiang, just below Nanking, to the sea at 
Shanghai, a distance of about 200 miles. This eastern third of the belt has a 
higher percentage of land under cultivation than any other section of China. 
Over half of the total land area of Kiangsu province--which contains the 
nation's capital, Nanking--is normally under cultivation. Here in the Yangtze 
valley the industrialization of China has had its beginning. 
The remaining two-thirds of this transition belt is a series of mountain 
ranges stretching westward until they meet the great ranges of central Asia--
the Kun Lun. Pamirs, and Himalaya, 11the roof of the world". These east-west 
ranges cross the southern part of Kansu, Shensi, and Honan and northern 
Hopeh. Agriculture is carried on in the valleys, the northern slopes tend 
toward productive winter wheat region, and the warmer southern slopes 
produces mulberry, tea, and the products of the southern rice region. 
The type of work animals also marks this as a transition belt. Horses, 
mules, and donkeys, commonly used in the dry lands of the north, give way 
to the yellow cow and especially to the water buffalo, which is well suited 
for the cultivation of the rice paddy. 
A smaller proportion of the farmers own their land and a greater proportion 
of tenants are found in this belt than farther north. The average of owner-
operators in six provinces within the wheat-rice region is 35 per cent, while 
in the winter wheat region well over 50 per cent of the farmers own their 
lands. The farms are smaller in size, averaging probably a little less than 
3 acres. 
Double-cropping is the rule throughout nearly all of the transition belt., wheat 
being the principal winter crop and rice the major summer crop. Cotton, 
corn, and tobacco are also important summer crops. and a great variety of 
vegetables and garden truck and melons are produced throughout the area. The 
long growing season of nearly 300 days not only makes possible double-crop-
ping but also permits almost year-round, highly intensified market-garden-
ing. other important winter crops are barley, beans, rape, and peas . 
Livestock and poultry raising have not developed as a specialized industry in 
China, except in certain localities, but rather as a supplementary enterprise, 
a method of disposing of waste and by-products. Nevertheless, both are im-
portant and add much to the real income and bring other attendant benefits 
to agriculture. This is especially true of swine in the transition belt, where 
six provinces annually raise nearly 25,000,000--say one-third of the number 
now produced in the United States. Although this is little more than one each 
for the 2li million farms of the six provinces, the total number is impressive 
and important. Pork is the most popular meat in China; lard is highly valued 
and used almost exclusively for cooking. Bristles are an important by-
product and ranked eighth among China's agricultural exports in 1933- 137. 
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(I) Szechwan. The potential and actual agricultural production of this 
great province amazed the world when Chungking became the war capital of 
China. With little outside aid its five millions of three-acre farms produced 
food for some 50 million of its own residents and for the other millions who 
sought refuge within its borders. The magnitude of this achievement becomes 
more apparent when it is realized that only 15 per cent of the 157 ,000 square 
miles of geographical area are cultivated. 
But many aspects of climate, soil, and water are favorable. The growing 
season is nearly all year--11 months at least; frost is uneommon. Temper-
atures range from 35° to l00°F. The average annual rainfall is from 35 to 
45 inches, mostly in June, July, and August. Large areas have adequate 
natural sources of irrigation water; among them the 2200-year-old system 
at Tu Kiangyien, .which has never failed throughout these twenty-two centur-
ies. 
Soil, climate, and water supply combine to make Szechwan one of the most 
productive areas in China. Most every bit of cultivable ground is utilized, 
cultivable wasteland is less than 4 per cent of the total area of the province 
--much less than in other provinces . Terracing is commonly practiced, 
utilizing slopes of 450 or more. 
The winter crops include wheat, rape, peas, and beans. The principal 
summer crops are rice , sugar cane, corn, kaoling, tobacco, beans, potatoes, 
and the usual diversity of vegetables, and .some cotton. 
Tree crops include oranges, tangerines, pomelo (resembling grapefruit) 
walnuts, and tung nuts. Szechwan is the leading province in the production 
of tung oil, and it is estimated that 1,700,000 of Szechwan 1s farme.rs have at 
least a few tung trees. Silk and tea are also important products, the latter 
being transported to Tibet on the backs of coolies- - 40,000,000 pounds 
annually. 
Szechwan also leads in swine production, and ranks high in the production of 
goats and chickens. The importance of the latter is often overlooked in the 
consideration of China 1s agriculture, because as in the case of swine, chicken 
and egg production is not a specialized enterprise, but a supplementary one, 
with little attention given to feeding, care, or breeding. Production per bird 
is low. Eggs and egg products ranked third in value in China's agricultural 
exports in the 1933- 137 period. 
Only thirty-two per cent of the farmers own their own land, 47 per cent are 
tenants, and Z l p.er cent part-owner, part-tenant. 
The Conun.ittee spent most of December 1947 in Szechwan as guests of Mr. 
Lu, Tso Fu, President of the Ming Sung Industrial Co. Mr. Lu typifies the 
great c.ontribution that can be made to China's development by leaders in 
private enterprise. He is a sell-educated, successful businessman of many 
interests and is highly respected as a practical-minded, public-spirited 
citizen. Much of the admirable development in the Pei-pei community (re-
ferred to in Section II) has been due to the leadership of Mr . Lu and his two 
brothers. 
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During our visit to Szechwan in December, the temperature was so mild that 
winter overcoats were often unnecessary. 
Szechwan received no UNRRA aid during the post war period as it was con-
sidered an 1Unoccupied11 area. 
e. South China 
Below the transition belt the contrasts between north and south China become 
quite distinct. South China is a warm, moist, green, subtropical rice land; 
north China is a dry, brown, wheat land, affected more by the deserts of Asia 
than by the oceans to the east and south. This difference is due to the mon-
soon winds which, in spring and summer, are moisture-laden and blow inland 
from the Indian and South Pacific oceans. But the mountain barrier stretch-
ing across central China causes precipitation of the moisture in the south. 
Likewise this mountain barrier prevents the dry, cold winter monsoon, blow-
ing seaward from the deserts, from reaching and affecting the climate of 
southern China. 
The rice region of southern China includes southern Chekiang, southern 
Kiangsi, southern extremity of Hupeh, HWlan, Fukien, Kwangtung, Kwangsi, 
southern Kweichow, and southern Ywman. 
Rice is the predominant crop in all of the topographical regions of this 
area, which include the South Yangtze Hills, the southeast coastal provinces, 
the 11two Kwangs11 {Kwangsi and KwangtWlg), and the southwest table land which 
leads up to the moWltains of Sikang and Tibet. But the variety of other crops 
is impressive . This region is China •s greatest sweet potato- growing area. 
A list of the many important field crops would include wheat, beans, and 
rape in winter; corn, barley, and millet in dry-land fields; tobacco, sugar 
cane, peanuts, hemp, palm leaves (for fans), and bamboo shoots, together 
with a great variety of vegetables. 
Fruits thrive in the subtropical climate of this region: oranges, tangerines, 
pomelos, bananas, peaches, pears, apricots, lemons, and persimmons. Edible 
nuts include litchi, walnuts, and chestnuts. 
The production of chickens and ducks is noteworthy, especially in Kwangtung 
and Kwangsi, which raise more of both of them than any other two provinces. 
The topography of this region is rugged with no broad plains or delta lands 
as in the north--only limited areas of level lands along the river valleys. 
The percentage of total land area under cultivation ranges from 4.2 per cent 
for the province of Yunnan to 26 per cent for the province of Chekiang. 
Although much of the region was originally heavily forested, the forests have 
been cut and the lower hills terraced for rice. Nevertheless, timber is still 
an important product, including pine, oak, fir, camphor wood, rosewood, and 
bamboo. Fir and pine from the southeast coast provinces furnish poles for 
junk masts and for building material. In the latter case nearly all the poles 
are sawed into boards by hand methods. Bamboo, of course, has a multitude 
of uses; houses, mats, baskets, brooms, hats, paper, water pipe, and the 
tender root shoots form a highly prized item of diet. 
Throughout the southern part of the rice region, two crops per year are 
corrunon practice; in some favored sections three crops per year, as the 
growing season is practically year long and r a infall is abundant--up to 69 
inches annually. Late rice is interplanted between the rows of an earlier 
variety or a second crop is planted after the first has been harvested. 
China 1s smallest farms are found in this re gion , averaging a little over l 
acres per farm. Only about 10 per cent of the total land area is under 
c;ulti".'ation i? the eight provinces listed above as wholly or partially within 
the rice region. 
Hunan and Kiangsi, sou~hern Anhwei, and northern Chekiang have annual 
rainfall of 55 inches, which is quite well distributed throughout the year. 
In addition to rice, this area is a major tea- producing section, containing 
two-thirds of China 1s tea lands . (Twelve provinces in central and south 
China produce more than 95 per cent of her tea.) 
3. Agriculture and Trans portation 
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Most of the provinces in China are, in an actual sense, provincial.. Due to 
limited markets caused by the lack of transportation, the boundaries of a 
province usually represented an attempt to mark out an area that would be 
self- sufficient in the production of food and clothing. As a rule, most 
agricultural food staples are consumed within the province where they are 
produced; a few products, such as tobacrco, silk, cotton, tea, and wine are 
exported . This almost complete dependene-e of the province-- and even 
smaller districts -- upon local food production has been the historic cause of 
China 1s disastrous famines . Food crop failures in one area cannot easily or 
quickly be relieved by shipments from more fortunate regions. 
This feeling of provincial isolation and remoteness from the central govern-
ment seemed evident during the Committee 1s visit to Taiyuan, Shensi. There 
we had brief contacts with government officials who are planning and earnest-
ly trying to carry out prog rams leading toward the improvement of agricul-
ture, transportation, and industry. Little ass istance had been received from 
Nanking or the agricultural agencies organized to admini ste r the UNRRA pro -
gram. To some extent, however, the NC\tional agricultural agencies such as 
the NA.RB and the Extension Service are begiruring to break down the barrier 
of isolation and establish a working relationship with s imilar agencies in the 
provinces. 
Transportation and communication within China have failed thus far to knit 
together the provinces, coWltries, villages, and farms into an integ rated 
national economy. Through most of China's history travel has been a matter 
for government o£fieials and their attendants and for itinerant merchants 
carrying semi - luxury products of little bulk and high values. The great 
majority of her people have traveled little; only a small percentage leave 
the region of their birth. 
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In spite of their inadequacy, nearly all forms of transportation known to the 
Occident can be found today in China . Transportation there is a heterogeneous 
mixture of ancient and modern; airlines and railways; coastwise and river 
steamers; junks, barges, and .canal boats; trucks, buses, and automobiles; 
horses, mules, donkeys, oxen, camels, yak, and probably still most important 
- -at least in farm-to-market transportation--is man and his carrying-pole. 
a. Railways 
Railway construction, operation. and management has been under the juris-
diction of the Ministry of Conunwrications . 
Before the Japanese invaded the northeast provinces in 1931, China had about 
10,000 miles of railways. About 40 per cent of this total was within the 
northeast provinces. There the Russians constructed the Chinese- Eastern 
line; the Japanese built the South Manchurian line. These two together with 
several Chinese-built branch lines provided Manchuria with a fairly adequate 
network. 
Two north- south systems connect the Yangtze and Yellow River valley areas. 
One of these, the Tientsin-Pukow, made possible rail travel from Shanghai, 
through Nanking to Peiping, and its port city of Tientsin, Through trains 
are ferried across the Yangtze from Nanking t.o Pukow . But during all of the 
Committee 1s residence in China, it was impossible to travel from Nan.king to 
Peiping by rail, due to the disruption caused by the war and civil strife which 
followed . This road traverses the provinces of Kiangsu, Shantung, and Hopei. 
Further inland another main line connects Peiping with Hank.ow, the latter 
city, at the head of navigation for ocean- going vessels on the ·Yangtze, is 
often referred to as the Chicago of China. A short line extending northward 
from Canton is projected to reach Hank.ow and when completed will permit 
rail travel from Canton to Peipina. 
The Lunghai line, one of the few east-west lines, connects the two principal 
north-south lines mentioned above. It extends from Haichow {a relatively 
new port on the Yellow Sea), crosses the Tientsin-Hankow at Chenghsien, 
and then still farther west, through Sian, capital of Shensi, to Paokiwei, near 
the eastern border of Kansu. 
Members o{ the Committee traveled from Tungshan to Cbenghein on the 
Lunghai line during the visit to the Yellow River flooded area. Travel was 
slow; roadbed was in poor condition; temporary wooden trestles had been 
installed in many places to replace the bridges destroyed during the war. 
Since then (1947) this road has been further damaged by military actions. 
Much repair work will be needed to restore it to real utility. 
The Peiping-Suiyan line extends westward to Paotow, near the Yellow River 
in Suiyuan. 
Due to the mountainous terrain, railways south of the Yangtze are short and 
serve relatively small areas. One connects Canton to the South China Sea at 
Kowloon. Another links Kunming, capital of Yunnan, with French Indochina, 
whence it traverses French-controlled Tonkin and reaches the sea at 
Haiphong. 
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In 1936 the National Government approved and started the construction of 5000 
additional miles of railway. This work was interrupted and much construction 
was destroyed by the war and the subsequent civil strife. Parts of several of 
the most important lines have been alternately ruptured and then temporarily 
repaired. Under existing conditions their use has been chiefly for military 
purposes and they have had little opportunity to bring benefits to agriculture. 
But there have been notable achievements in rehabilitating the railroads since 
the end of the war. One such was the reopening of the Chientang River bridge. 
This well - engineered structure provides two levels which accommodates rail, 
automotive, and vehicular traffic . It was totally destroyed by the Japanese. 
The significance of this restoration and new construction was explained to us 
by Or . C. Y. Hou, Director of and Chief Engineer of the Chekiang - Kiangsi 
railroad; the completed work now permits rail travel fr!Jm Shanghai, through 
Hangchow to Nanchang, the capital of Kiangsi Province, on the shore of the 
great Po Yang Lake. 
In the spring of 1948 , a modern 11streamliner 11 was put into service between 
Shanghai and Nanking, making the run in about 4 hours. Locomotives and 
coaches were all built in China . The equipment and appointments compare 
favorably with many roads in the United States. 
b. Airlines 
Several international airlines serve the principal coastal cities of China 
and provide for travel between such cities . Commercial aviation within 
China began about 1930 , When war broke out the internal air line mileage 
amounted to some 8500 miles--most of which was in the eastern, coastal 
Two major lines have been in active operation within China during the post -
war period. 
l. China National Aviation Co . This was organized as a Chinese-
American joint enterprise in 1929 and reorganized in 1930, Pas-
sengers carried by C.N.A.C . increased from 220 in 1929 to 39,263 
in 1944, or about 180 times. 
2. Central Air Transport Corporation was established in March 1943, 
following a reorganization of the Eurasian Aviation Corporation; it 
was then entirely Chinese owned, and organized as a subsidiary of 
the Ministry of Communications. 
Substantial progress was made during the World War by both these corpora-
tions, which brought air transport to interior regions which, in some cases, 
were totally lacking in any form of modern transportation . 
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Fig. 10 B oat traffic on Grand C anal, Wusi h; typical of t he use of 
w aterways i n Cpina fo r c ommerc e . 
Fig. 11 River junks are extensively used along the coast and in 
major streams to transport all kinds of goods . Normally 
the family lives in the sheltered stern. 
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Members of the Committee were favorably impressed with their air travel in 
China. Accommodations were good; schedules were well maintained; service 
and maintenance appeared to be systematic and efficient. 
c. Waterways 
Rivers, canals, and lakes are more important than railways in carrying agri-
cultural products and China is, indeed, a land of boats. 
Three g r eat rivers provide drainage and waterways for three of the principal 
agricultural regions--the Yellow River in the north, the Yangtze in central 
China, and the Si {West River) in the south. 
(1) The Yellow~. This river i s so named because of its burden of 
heavy yellow silt. It is Z700 miles long and drains some 531,200 square 
miles. Rising in Khatun Lake in Tsinghai, it flows through the provinces of 
Kansu, Ningsia, Suiyuan, Shensi, Shansi border, Honan, and ShantWlg, where 
it empties into the Yellow Sea. Its main tributaries include the Huang River 
of Tsinghai, the Tao in Kansu, Fen in Shansi, the Wei in Shensi and, in 
H onan, the Lo and Sin Rivers. 
Although not navigable for deep draught vessel s, it is a busy thoroughfare for 
shallow draught craft--junks and barges--and bears much tra££ic , as well as 
providing water for irrigating many regions along its course . In some sec-
tions water is carried from it in canal systems dating back to the second 
century B.C. 
During the centuries the Yellow River has brought disaster as well as benefit 
to life and agriculture . Much of the great north China pla i n is its rich delta. 
But through its l ower course the sluggish current drops much of its silt, thus 
raising the river bottom higher than the surrounding plain so that the con-
fining dykes and levees require constant care and attention. When dykes fail 
or high floods c ome the water bursts through, flooding vast areas and bring-
ing famine and death. Droughts are even more frequent than floods. To pre-
vent such disasters, to develop, control, and conserve the waters of the 
Yellow River is of paramount importance to China 1s agriculture and water 
transportation. 
{2) Yangtze River . Known as the "Long River11 or the 11Great River'1 in 
China, this is the main artery of corrunerce and travel. Its 3400-mile-long 
c ourse i s exceeded only by that of the Nile, Amazon, and the Missouri-
Mississippi systems. 
Rising near the jWlction of three provinces, Tsinghai, Tibet, and Kikang, it 
flows east ward through Tsinghai, Sikang, Yunnan, Szechwan, Hunan, Hupeh, 
K.iangsi, Anhwei, and K.iangsu, emptying into the East China Sea near 
Shanghai. Its silt-laden waters are noticeable 50 miles or more out at sea, 
its delta land, which now extends Crom Nanking to Shanghai, is still pushing 
farther seaward. 
In Sikang, the river bed is 16 ,000 feet above sea level, but at Ichang, where 
gorges end, it is 300 feet. The Yangtze is navigable for ocean vessels as 
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far as Hankow. Large river steamers can proceed farther upstream as far as 
Chungking and smaller vessels as far as lpin . From lpin, river junks carry 
on commerce up to the junction of the three provinces of Sikang, Szechwan, 
and Yunnan. Beyond this point rapids prevent further navigation. 
(3) West River. Rising in Yunnan, the West River with its main tributaries 
drains some 165,000 square miles in the provinces of Yunnan, Kweichow, 
Kwangsi, and Kwangtung. Most of its course is through mountainous areas, 
only the last 100 miles being a delta area. It is navigable by small steamers 
up to Wuchow, near the border of Kwantung and Kwangsi, and by smaller 
vessels to the interior of both these provinces. 
(4) ~ rivers. Several short rivers provide waterways and irriga-
tion in the east coast provinces. 
(5) ~ Huai flows eastward for 620 miles from its source in southern 
Honan through Anhwei and into Kiangsu, where it empties into Hungtseh lake 
and then joins the Yangtze. It is a busy, commercial waterway chiefly carry-
ing agricultural products. The river post at Pengku, when visited by the 
Committee in May 1947, presented a forest of junk masts . Much war damage 
occurred here also, and rebuilding of its dykes constituted a major postwar 
project. 
(6) The Chientang rises in south Anhwei, flows eastward through a 490 
mile course, drains some 20,000 square miles in Anhwei and Chekiang, and 
empties into Hangchow bay, the site of the Great Eastern Port projected by 
Dr. Sun Yat Sen . 
(7) Luan River rises in Charhar, flows toward the southeast, draining 
some 20,000 square miles in its 500-mile course, and it empties into the 
Gull of Chihli, where plans call for the construction of a Great Northern 
Port. Plans for this and other waterway and port development projects were 
explained to the Committee by Chu, Chi Chun, governor of Hopeh, during our 
conference with him in Peiping on July 15, 1948. 
(8) Pei River, with the northern port of Tientsin at its mouth flows for 
some 500 miles from its source, through the provinces of Jehol, Shansi, 
Honan, Shantung, and Hopei, draining som'i! 70,000 square miles. 
(9) Min River rises in western Fukien, has its course of 360 miles 
within this province before it empties into the East China sea below Foochow 
(Minhow), an important seaport and commercial center in coastal trade. 
(10) Rivers Q! ~ northeast provinces (Manchuria). Four great rivers 
and their important tributaries add to the potential value and the current 
productivity of the region, serving as means of transportation, communica-
tion, and as carriers of freight and produce. 
(a) The Amur, which is the boundary between China and the U.S,S.R . 
along the province of Heilungkiang, receives the Ussuri and 
Sungari rivers as tributaries . The Ussuri separates China from 
Siberia on the east and !lows northward to join the Amur. The 
Sungari is an important lumber carrier and flows toward the 
northeast to join the Amur, after passing through the important 
market city of Kirin. 
{b) Liao River, 900 miles in length, rises in western Jehol, flows 
eastward into Liaoning, and empties into the gulf of Chihle at 
Yingkow. 
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(c) Yalu River flows in a southwesterly direction, serving as a 
natural boundary between Korea and Liaoning (China) and empties 
into the Yellow Sea. 
{d) Tumen River, as well as the Yalu, rises in the eastern mountains 
of Manchuria and flows eastward to the sea of Japan, also sepa-
rating China from Korea. 
{11) Rivers fil ~southwest. The Red River, Salween, Mekong, Brahma-
putra, and most of the other rivers of this region rise in China but empty 
into the Pacific or Indian Oceans through foreign countries. For the most 
part, their courses in China are so rapid and torrential as to be non-
navigable . But they may in the future prove to be rich sources of hydro-
electric power. 
(12) Canals and lakes. China's intricate network of canals and lakes 
is perhaps more important than railways in the transportation of agricul-
tural products. The total mileage of canals is estimated at 200,000, a large 
proportion of which are in the Yangtze plain region. There the traveler is 
impressed by the sight of many canal craft sails, which seem to rise directly 
out of the dry farm l ands. 
The Grand canal was for many centuries the main means of communication 
and transportation between north and south China. It is probably the oldest 
and longest canal in existence, extending from Hangchow to Peiping, a dis -
tance of nearly 1300 miles . Some sections are in disorder at present. But 
the congestion of canal boats bringing wheat to the flour mills at Wushih 
during our visit there in May 1948 indicates the current usefulness of this 
ancient waterway. 
d. Interior transportation and highways 
Referring to interior transportation, Dr. John Earl Baker states, 11A strong 
man can carry on his back about 100 catties {110 pounds) about 50 li {16 .6 
miles) in a day. The average would be about 33 li (ll miles). The distance 
to market by human carrier is limited by three factors: the load which a 
man can carry, the amount which he must eat each day, and the distance he 
can travel in a day. 
11By means of a wheelbarrow a man can push a load 2 or 3 times as heavy 
as he can carry on his shoulders. But the wheelbarrow requires a fairly 
level smooth road. .cannot be well used in marshy or mountainous terri-
tory. But in favorable regions the wheelbarrow reduces by hall the trans-
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Fig. 12 Driving ducks down a stream to market. The ducks are 
foraged on farmer 15 fields where crops have been 
harvested. 
Fig. 13 A caravan with carrying poles and baskets transporting 
charcoal. A very common method of transporting com· 
modi~ies varying from farm produce to luxury items. 
Modern China finds it s fullest exp r ess i on in it s cities where 
trade flourishes, a nd millions have come to know western ways. 
The Farmall "A" and combine are the ultimate in efficiency in 
land where men must achie'"e soil's total potential t,o live 
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Fig. 16 Man-pulled cart hauling coal. In this instance about 
1000 pounds were hauled by eight men a distance of 30 
miles. 
Fig. 17 A typical cart of good type drawn by water buffalo. 
portation cost per unit of weight and increases the distance from source of 
supply at which trade may be carried on. 
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1Mules, horses, and donkeys can carry heavier loads than men, even when 
such loads are placed on their backs . But they also eat (fully as much as a 
man in proportion to the load they carry). But they can eat cheap, coarse 
fodder foods which man cannot eat. The load animals can carry is increased 
3 or 4 times if it is placed on a cart instead of on the animal 1s back. 
11China has developed in each region the methods that seem most suitable. 
1. ln mountainous country, where rough fodder is more plentiful than 
grain, loads are generally put on the backs of animals. 
l. In the desert, and where forage is not suitable for mules or horses, 
camels are used. 
3. Ou the plains, where forage is still available and plentiful, loads are 
put on carts. 
4 . Where rough fodder is not plentiful compared with grain, the load i s 
placed on wheelbarrows. 
5. In South China, where the principal cereal is rice, and in certain 
mountainous districts man is the exclusive overland carrier. 11 1 
Modern highway construction did not reach s i gnificant proportions until the 
decades immediately preceding the Japanese invasion. Prior to l 9l0 most 
of the overland travel was confined to cart roads, flagstone, and bare earth 
trails which were suitable for coolie carriers, wheelbarrows, and one-animal 
carts. But after 1920 the National Government began a large-scale program. 
Highway construction progr essed rapidly, especially during the 5-year period 
prior to 1937 . In July of that year, 45,000 miles had been completed. 
During several weeks of motor truck travel, the Committee found that prac-
tically none of the new highway mileage is adequately paved. Al ~: .ough most 
of the routes have been wisely selected and the grades well laid out , 
maintenance has been most difficult under present conditions. Many bridges 
and culverts have failed and only temporary repairs have been possible. 
Nevertheless the main highways, such as the one from Chungking to Chengtu, 
bear a heavy traffic of trucks and buses. It appeared that most of the motor 
vehicles were originally military stock. Their replacement and the securing 
of repair parts was evidently difficult, and the current high cost of petroleum 
fuels presents a serious handicap. 
111Explaining China11, John Earl Baker. Adviser to (China) Ministry of 
Communications 1916- l6. Currently member Rural Reconstruction Com-
mission of China. 
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Fig. 18 Most buses are overloaded with people and baggage. This 
scene is a bus stop near Peipei, Szechwan . 
Fig. 19 Blacksmith shop where native farm tools are made and repaired. 
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The Committee formed a high opinion of the ability of the engineers who sur-
veyed and constructed the highway from Chungking to Chengtu, a distance of 
nearly 300 miles . The western portion leads through high mountains; grades, 
curves, and road widths are skillfully designed. Although current main-
tenance is inadequate , this example convinced us that, given the opportunity 
and the means, Chinese engineers and technicians are entirely capable of 
constructing a national highway network well adapted to the vital needs of 
interior transportation. 
In the far west three important highways traverse the frontier province of 
Sinkiang. These connect the province of Kansu on the east to the city of 
Kashgar in western Sinkiang. The three roads meet at Kashgar and lead on 
into Russian- Turkestan and southward into I ndia. 
These are ancient roads, traveled long before China was known to the peoples 
0£ the Occident, even long before they were followed by Marco Polo. They 
saw great migrations, invasions, and pilgrimages; perhaps, the oldest 
caravan routes in the world. 
During the late war they were, indeed, China 1s back door. Just across the 
western border 0£ Sinkiang lies the Soviet city 0£ Alma - Alta, connected by 
rail and air with the industries and raw materials of Siberia and the Near 
East . From there Russia supplied war material , transporting it into China 
by truck over hard-surfaced roads, through the cities 0£ Tihwa and Hami in 
Sinkiang to the western border 0£ Kansu. This long haul, skirting the 
mountains and deserts 0£ Sinkiang required but four days; but from the Kansu 
border to Lanchow (capital 0£ Kansu), about half as far, required 70 days 
with the more primitive forms 0£ transport used by the Chinese. 
Even before World War ll, Sinkiang had swung into the Soviet orbit and her 
place therein has since become more definitely fixed. The proximity to 
Siberian and Turkestan railroads, with their marketing potentials and avail-
ability of credits from the Soviets have proven powerful £actors. 
It seems highly probable that at least one 0£ the ancient highways will be 
developed and modernized - -probably by the Soviets--and become a vital 
artery 0£ trade between Russia and China. 
From the standpoint 0£ agriculture as well as the general economy 0£ the 
whole country, overland transportation in China requires development along 
two lines. 
( l) Lnter - provincial transportation and more economical outlet for 
export products . Interchange between provinces or regions, such as between 
Taiwan and the northeast, can become more profitable and enlarge the 
farmers market and the same betterment would ensue from more economi -
cal long - haul transport. 
(2) Short- haul Q! £arm tQ market costs are often excessively ex-
pensive. The cost 0£ moving bulky products by man or animal power soon 
becomes prohibitive; markets and profits are limited by distance. Interior 
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districts suffer from remoteness from markets and are unable to exchange 
their produce for needed manufactured articles because of the high cost of the 
present overland transportation. 
4. Agriculture and Manufa~turing 
In western countries where agriculture has become a business rather than a 
~:~~y~e1~s~! :~;:!=!~~~ebef;::::~a~~:: :~s:i~~~~;~a;~a~u;:~~:~i~~ ii:-_. 
creases the farmer requires more high capacity equipment, more services, 
and more of the many items requisite to a higher standard of living . High 
capacity equipment becomes profitable to use because it multiplies the pro-
duction per man. 
In present day China the farmer can purchase few factory made items. With 
his low income he can acquire only the bare essentials. Nearly all of these 
are supplied by individual craftsmen of his own village or market town. 
And in industry in general there are relatively few large privately owned 
manufacturing enterprises. The chief fields of large scale private business 
are retail mercantile establishments, impo rt-export agencies, and city 
building construction. With the exception of the textile industry, flour 
milling, and cement manufacture, private capital has developed few great 
commercial, industrial, or mining enterprises. Railways, telegraph, and 
telephone lines, etc. have all been government built. Factories are small 
and more in the nature of handicrafts than real industrial production. This 
is true even in the large cities, where the streets of many sections are 
lined with small work shops, each employing a small group of workers. 
The slow development of large scale industry during recent years is pro-
bably due in part to the unstable currency, which encourages capital in-
vestment in buying and hoarding existing commodities rather than long term 
investment in plant facilities, and employe training necessary to produce 
new commodities. 
As a rule markets are restricted to the locality of the factory. There is 
no great interchange of manufactured products between provinces, and no 
central plants having a nation-wide market. 
Hand methods or relatively simple machine methods predominate. A strik-
ing example is the manufacture of lumber for building materials. Even in 
the cities, poles and logs are hand sawed into boards at the site of the ,:on-
struction job. This process is so slow a nd costly the Committee feels that 
small, portable, power sawmills should be specially mentioned as one item 
of modern equipment that would gain ready acceptance. 
Of course, there are notable exceptions to the statement that China •s manu-
facturing is small scale; for instance, recently a modern streamline 
passenger train was installed in service between Shanghai and Nanking. 
Loc.omotives and coaches were made in China . But viewing the whole of 
China 1s population it seems fair to say that their manufactured commodities 
Fig. 20 General view of steel mill at Chungking. Partly idle due 
to no demand for products. Management interested in 
starting farm implement manufacture. 
Fig. 21 Foundry at Tiayuan, Shansi, pouring pig iron. 
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are now supplied by a handicraft industry, or at least by an industry that is 
just emerging from the handicraft stage. 
The farm equipment industry of China, if it may be so called, is an example 
of the whole. There are practically no dealers or middle- men; the farmer 
buys his simple tools directly from the maker. His 11tieh pa 11 or swing hoe, 
scuffle hoe, rice cultivator, sickle, wheelbarrow, threshing box, etc. are all 
made by the local blacksmith or carpenter. Some of these items are quite 
well made and are sold at prices which cannot now be met by factory methods. 
Water ladders, stone grinding mills, etc . are usually constructed on the 
owners 1 premises by itinerant craftsmen. 
But there are a number of semi- modern factories producing farm equipment 
and other industrial products. Most of these are government sponsored and 
a considerable portion of the machine equipment came from UNRRA sources. 
All of those mentioned below were visited by the Committee. 
Diesel Engine Factory~ Wusih (government sponsored). The chief pro-
ducts were a 25 h.p . single horizontal cylinder engine and a 12 - inch centri-
fugal pump. These heavy, slow speed engines are used for irrigation. They 
are moWlted on barges and move up the streams and canals from one loca-
tion to another. The usual purchasers are custom operators or farmer 
cooperatives. We visited one such co-op at Wusih and saw one of these out-
fits in operation. Farmers expressed themselves as well satisfied with 
their investment even though the price for the engine and pump was equiva-
lent to $6,680 in the United States. A unit of slightly greater horse-power 
and lighter weight could be imported from the United States at a much lower 
cost, were it not for the restrictions set by the Chinese government. Less 
weight would be advantageous as the barges would then be of lighter draft 
and could serve the more remote, upstream areas . 
.M!.!!g_ ~factories China Development Corporation (Chungking). Here 
we visited a group of factories including steel mills, rod mills, ship repair 
plants, and cement factory. These plants had been developed and expanded 
during World War 11; one plant is completely underground. The capacity of 
the cement mill was 900 barrels per day, but at the time of our visit the 
mill was not operating at capacity due to lack of demand. 
This group of factories is largely controlled and operated by private 
capital and is a notable exception to the general rule that private enter-
prise is concerned largely with commerce rather than manufacture. 
Northwest Industrial Company--Taiyuan, Shansi. Factories visited at 
Taiyuan produced cement, coke, pig iron, steel, farm implements (pilot 
stage), locomotives, and ordnance and ammunition. The region also has 
textile factories, cigarette factories, and others which time did not permit 
us to visit. 
Taiyuan is not far frail) the Ta Tung coal mine of north Shansi which is 
said to be the best in China and fourth largest in the world. 
Other sources of coal, as well as supplies of iron ore and limestone, are 
accessible within a few miles of the factories, 
51 
These Taiyuan factories are province-owned enterprises. Provincial of-
fices are also maintained in Peiping and Shanghai. At the time of our visit, 
plans were being made to send representatives abroad for the purpose of 
considering and developing arrangements and agreements with foreign manu-
facturers. Taiyuan engineers suggested that about 70 per cent of the com-
ponents of basic farm machines could be made in China and 30 per cent would 
have to be imported. 
Some preliminary work has been done and plans developed for the manufac -
ture of commercial fertilizer, but at present they lack equipment for quantity 
production. 
Sprayer and Insecticide Factory--Shanghai. This concern is controlled 
and operated by the national government . Mr. F . C. Woo , now Deputy 
Director of the National Agricultural Research Bureau, served as the first 
manager and is largely responsible for its development and successful 
operation. The chief products are small hand sprayers and dusters and a 
variety of insecticides, many of which are made from native-grown mater-
ials such as the derris root, and pyrethrum. 
The factory has recently been enlarged and modernized by the addition of a 
substantial amount of UNRRA machines tools and equipment. 
The National Agricultural Engineering Corporation, with headquarters 
and principal plants at Shanghai, is the largest farm equipment manufactur-
ing concern in China. 
The corporation was originally supplied with shop equipment, machine tools, 
and materials by UNRRA. Its working capital has been supplied by the Bank 
of China, Farmers Bank, Bank of Communications, Central Trust Company, 
and Ministry of Agriculture . Thus its corporate structure includes both 
government and banking interests. 
Plant facilities include the Central Production Plant and a smaller experi-
mental and design plant at Shanghai. Original plans called for the estab-
lishment of 18 branches throughout the country. But much delay has been 
encountered in establishing these branches. The Nanl..ing branch was opened 
in October 1948, and began production of I - animal drawn (5 tooth) cultiva-
tors, small power driven rice hullers, and foot-power cotton gins. 
The central plant at Shanghai, in November 1948 was about to begin the pro -
duction of several thousand, single cylinder, air-cooled engines of their own 
design . The immediate function of these engines is to power some three 
thousand 3-inch centrifugal pumps which were furnished by UNRRA without 
engines. 
Other items of farm equipment are in pilot production at the Shanghai plant. 
Among them a paddy separator, small rope-making machine, and hand-oper-
ated corn sheller. 
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Fig. 22 Steel mill at Tiayuan, Shansi. 
Fig. Z3 Currency required for three week's trip; about one -hall 
billion dollars. 
The concerns already described represent four different types of corpor-
ate organization: l. private industry; l. provincial; 3. federal or national; 
4. a combination of federal and private interests . It seems evid ent that 
government in China is directly concerned with the development of com-
merci al scale manufacturing, not only in farm equipment but also in most 
other lines. The fact that private industry does not predominate in large 
manufacturing concerns is also clearly evident -- a condition quite different 
from the United States. 
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I n our visits to most of these factories the same dilemma was presented by 
remarks such as this , 110ur factory is ready and fairly well equipped, but we 
are not sure of what we should make. 11 Capacity to manufacture exists but 
not a substantial demand and ability of customers to purchase any specific 
item. 
However, the Committee did see considerable evidence of potential demand 
and market possibi lites . One exampl e i s a group of progressive t ruck and 
market ga r deners near Peiping who were operating on a commercial basis 
and seeking ways to cut costs and increase output. Another was the need 
for hay-maki ng machinery in Kansu, referred to . These is an actual 
demand and market for pumping equipment. And the large attendance of 
farmers at AMOMQts second anniversary machinery demonstration at 
Point Island Eertainly signifies their active interest i n modern equipment. 
Also, a cons i derable number of inquiries from potential equipment buyers 
were referred to the Committee at NARB. 
The primary reason for the dilemma faced by these factories, the lack of a 
broad, exi sting market , is lack of purchasing power of potential customers, 
which is caused by the small size of the individuals 1 enterprise and their 
resulting low income . One does not purchase a locomotive to haul a wheel-
barrow load. 
It is evident that the National Agricultural Engineering Corporation recog-
nizes this problem and is attempting to find a solution . This corporation 
has recently established what may be termed a sales promotion division, 
although it is actually more than that. This division i s headed by Mr, C. 
Y, Wu, who represented International Harvester Company before the war 
and i ntroduced some power equipment. His work is to develop sales outlets 
demonstrations , arrange for cooperative purchase, service, and training. 
Several of the Harvester fellows are employed by the corporation. Walter 
Tsui has surveyed several districts and made an extensive collection of 
native implements; his objective is \o determine how such implements can 
be improved and be produced in quantity , as well as to locate conditions and 
situations where power equipment can be introduced. 
James Yu has management responsibility in regard to the location and func-
tions of AMOMO tractor projects , supplying the projects with proper equip-
ment, service, and supplies, and developing the cooperatives and custom use 
of power equipment and keeping cost records of the various projects. 
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K. C. Wu is concerned with maintenance, service, and training of operators. 
Such work is essential to future of farm equipment manufacturing, and at-
tacks the problem in two ways: 1, improving native equipment, and Z, intro-
ducing higher capacity for modern equipment and affording the training and 
service vital to its success. 
With the exceptions noted above, fa.rm equipment manufacturing in China gives 
a fair picture of her industry as a whole; thousands of small shops making a 
few simple items, a few semi- modern factories owned by private capital, a.nd 
more operated and controlled by government agencies. None of the factories 
has a wide-spread system of distribution or national coverage . Practically 
none of the factories have as yet found standardized items that can be pro-
duced and sold in quantity. 
The National Resources Commission of the Ministry of Economic Affairs is 
in charge of the development of heavy industries. In 1944 the Commission 
had general administration of 103 government- owned units, in the fields of 
industrial manufacturing, mining and power generation as follows: 
Table 4 Enterprises Undertaken by National Resources 
Commission--D ecember 1944 
Kinds of enterprises Operated joint by N . R .C. Operation 
Industries 
Metallurgy 7 
Machinery 5 
Electrical manufacturing 5 
Chemical 16 
Mining 
Surveying 1 
Coal 14 
Mineral oil l 
Export minerals 11 
Gold 4 
Electric power Zl 
5. Agriculture and Development of Natural Resources 
Totals 
39 
5 
zo 
36 
1 
18 
l 
11 
4 
Z l 
A higher standard of living for China's farmers--the change from subsistance 
farming to the profitable business of food and fibre production--is definitely 
linked with the development and use of her mineral and power resources. At 
present China has too many and too small farms and too many farmers. 
Severely limited by small fields, hand methods, and hand tools his annual pro-
duction and therefore his annual inoome and purchasing power are low. At 
present an annual cash income of $50.00 is somewhere near the average, even 
with favorable yields per acre. As long as such conditions prevail, the 
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farmers 1 income and his purchasing power will remain low, because the pro-
duction per man is low. For prosperity is not a condition of acres, but of 
The use of modern equipment and techniques in China's agriculture will mean 
the gradual displacement of many small producers. Fewer farmers will pro-
duce more per person and earn a higher income and larger purchasing power. 
Those displaced will find employment in the ac~ompanying industrialization 
which will gain momentum by filling the growing needs of the more prosper-
ous farmers. Such has been the pattern and history in other countries. 
Industrialization depends primarily upon the development and wise use of 
mineral resources and sources of power. Consideration of these resources 
is pertinent in a study of the current condition and future possibilities of 
China 1s agriculture. 
a.~ 
China is rich in coal; her reserves are exceeded only by those of the United 
States and Canada. Coal is found in nearly every province, with the great-
est concentrations in the loess highlands of Shansi, Shensi, Kansu, and Hunan. 
In general, the best sources are in mountainous regions where transportation 
is difficult to the present manufacturing centers. An exception to this, how-
ever, is the industrial center of Taiyuan, capitol of Shansi, where the Com-
mittee observed that coal, iron, and limestone were all available in an area 
of small radius . 
Mines are not fully developed and the annual per capita production of coal 
is meager compared with the United States; l 00 pounds per capita in China 
(1934) and 10,000 poWldS in the United States. 
Recently the chairman of the National Resources Commission, when 
describing the work of modernizing coal mines in central China, stated that 
the provinces of Hupeh, HWlan, and Kiangsi could produce enough coal to 
meet the demands of the Yantze Valley region. 
b. Iron 
Although small deposits are found in many provinces, the lack of iron is one 
of China 1s industrial problems. Most of the sources are limited in extent 
and are of poor quality. Fair qualities of iron are found in Kiangsu, Anhwei, 
Hupeh, Liaoning, Hopei, and Jehol. Again reference is made to Taiyuan 
where, during our visit, pig iron was being manufactured from high grade 
local ores and shipped by air to Peiping thus avoiding seizure by the sur-
rounding cordon of red armies. Some writers have referred to Taiyuan as 
the "Pittsburgh of China, 11 arid it seemed to us to be a fairly apt description. 
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reached an output of 3000 tons per day. Some engineers report that Hainan 
deposits rank with the r i chest and largest in the world . Manchuria is esti -
mated to contain more than 400 milli on tons of iron ore. 
China 1s iron reserves are probably ample for her present type of economy, 
but are insufficient for general industrialization . 
c. Petroleum 
Years of extensive explorati on indicated that China is se riously deficient in 
petroleum, although some investigators believe that i mpo r tant reg i ons have 
been overlooked or inadequately explored . Actual production is small; the 
chief producing regions are located in Shensi , c-entra l Szechwan, and north -
west Kansu. 
Oil - bearing shales are quite well distributed and occur in several provinces 
with the best deposits in Liaoning. But the costs of production by the methods 
now in use are so high that the product cannot compete with crude oil. 
Taxes on imported petroleum products also tend to discourage its use, 
especially for irrigation and ag r icultural work. Prices of gasoline increased 
from about 30 cents to 1 dollar per gallon during our stay in China . At the 
time of our departure kerosene cost 68 cents per gallon and diesel oil, 34 
cents per gallon . A large percentage of these prices was tax and the 
prices varied markedly, due to seasonal demand. 
The oil reserves of China are still uncertain; surveys are still going on in 
the leading fields of Kansu, Shensi, Sinkiang, and Szechwan . Recent findings 
have been reported in Tsinghai, Chekiang, Kweichow, and Sikang. Fields in 
Kansu are considered quite rich and capable of large - scale production. 
d. Copper 
Deposits occur in many provinces but it is likely that there are not large 
reserves and little chance for increased producti on. T he chief sources are 
located in Yunnan, Szechwan, Hupei, Kansu, Sinkiang, Fukien, Liaoning, Hupei, 
and Kirin . Szechwan and Hupei have fairly modern mines and smelters. 
The chief producing region is in northeast Yunnan. But there the mountain-
ous, isolated locations necessitate transportation by pack animals which is 
so expensive that the native product can hardly compete with imported 
copper at the seaboard markets. 
In the possession and production of tin, China is in a favorable position and 
ranks hi gh among the world 1s producers. Most of the production is from 
small, native mines in Yunnan. 
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f. Tungsten 
China leads all other nations in the production of tungsten, accounting for 
50 to 75 per cent of the world 1s total. The principal mines are in Kiangsi, 
Hunan, and Kwangtung, where mines can be worked by surface operations and 
where almost unlimited reserves exist. 
g. Antimony 
In this item also China is the world 1s major producer, supplying about 80 per 
cent of the world 1s total. Deposits are widely distributed through south 
China. Antimony is an important metallic export which can easily be increas-
ed to fill future demands. 
Although reserves are limited, lead and zinc are found in both north and 
south China, especially in Yunnan, Hunan, Liaoning , Szechwan, Chekiang, 
Kweichow, and Shantung. 
i. Water power 
In north China most of the rivers have too variable a flow for dependable 
hydro-electric power . In the south the condition is more favo:-able . Many 
sires exist which could be effectively used . 
The largest sources are in the Tibetan highlands and, probably the greatest 
in the world, the Ylingtze gorges, where it i s estimated that 10t million 
kilowatts of generating capacity might be developed. Thus far hydraulic 
power has been little developed in China but the possibilities from the 
Ya n gtze valley sOuthward appear favorable. 
There is promise too in the development of Sinkiang 1s natural resources, 
which, especially in the western region of the T 'ien Shan range, are re-
ported to be abWldant, including coal, iron, copper, petroleum, lead, silver, 
gold, sulphur, zinc, and salt, as well as extensive stands of heavy forests. 
China has a fair supply of certain strategic minerals, and more may be found . 
All such minerals may increase in value as world demand changes. In some 
of these, China is predominant and has almost a monopoly. 
China i s poor in iron, but rich i n coal, one of the major necessities of an 
industrial nation. The scarcity of petroleum hampers industrial development 
a nd motor transport, and presents a serious obstacle to the introduction of 
power farming . In some areas, charcoal gas producers and vegetable oil 
fuels are being used as a substitute for petroleum, but with little success . 
Achievements of the last few decades of scientific and technical progress 
have magnified the value of coal; it is now used as a source material for 
an alrn.ost endless list of chemical and industrial products. 
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Recent developments and current research in chemurgy and the production of 
liquid fuel from coal may remedy this serious shortage and make China's 
great coal reserves of inestimable value. The method of obtaining the pro-
ducts of coal by gasifying it in the ground and bringing it to the surface for 
liquefaction may make isolated deposits easily available. 
Coal is China rs greatest mineral asset and, in the form of liquid fuel, may 
lead to the modernization of her inland transportation and wide - spread in-
dustrialization, together with farm mechanization. 
6. Rural Life and Its Relation to Economic and Political Stability 
Classical China placed the farmer second in social status; only the scholar 
outranked him. The farmer outranked the merchant and the soldier. Although 
this old convention has changed, it throws some light on present day problems. 
Even today the scholars and possessors of a collegiate or formal education 
make up the bureaucracy of government. Businessmen, farmers, and mer-
chants have little voice in government. Government positions are anticipated 
as a lifetime career by the majority of college graduates, This is true in the 
colleges of Engineering and Agriculture as well as in the Social Sciences. 
Relatively few graduates of colleges of agriculture return to the farm. Most 
of them find employment in government serviq,e or in banks, the extension 
service, teaching, the Ministry of Agriculture; a few in various types of 
agricultural business and general business. 
Most Chinese feel that a college eduyation should lead to 11something better 
than farming. 11 lt is not yet generally realized that agriculture and the op-
portunities inherent in it may give full play and ample remuneration to 
science and employmenf of modern techniques. The College of Agriculture 
at Nanking University has recently initiated a course for farm operators, 
which seeks to return well - trained men directly to agricultural production- -
a very desirable undertaking. 
Although the farmer may have ranked second in the ancient scale of social 
values, it is likely that such rank was poetic fiction rather than fact. If 
such high rank were ever a fact, it is not so today, The soldier still re-
tains his position at the bottom of the social structure. 
Land and grain are the chief forms o( wealth in China. Grain, rather than 
gold or silver, is the actual standard and measure 0£ value of her currency. 
Taxes on land and grain are the principal sources of revenue of the pro-
vincial and national governments. 
As a general rule, the Chinese farmer bears, and for centuries has borne a 
heavy, crippling burden of taxes, military levies, and tributes, high rents 
and debts carrying exorbitant interest rates. Many have become no more 
than agrarian slaves who accept poverty as a heritage. It is natural, there-
fore, that they have a deeply ingrained suspicion of government, which ex-
tends to all government agencies, including those which seek to serve them, 
such as the Ne.tional Agricultural Research Bureau and Agricultural Ex-
tension Departments. 
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It is estimated that over half of the Chinese farmers are in debt, largely 
short-term loans for consumption goods and for production purposes, and for 
delinquent taxes. This proportion of debtors is not alarming; it is probably 
about the same in the United States. But when carried under fantastic inter-
est rates such debts are ruinous. 11Prior to the world war, rates were approx-
imately lZ percent per annum on loans from banks to farmers; private loans 
ranged from 20 percent to 40 percent and at times reached a peak of 240 per-
cent . At the present time (1946) minimum interest rates to farmers are over 
25 percent per annum. 11 1 
Nor can the {armer escape these economic penalties by taking advantage of 
the soaring currency inflation . Debts are payable in kind, or loans and 
repayments are made on the basis of the current monetary value of a definite 
quantity of grain. 
During the Corrunittee 1s stay in China, currency had only a day to day value . 
When the Committee arrived in China the money exchange rate was $3950 
Chinese National Currency to $1 United States. In August 1948, when the 
Committee visited Kuling, each member carried a brief case containing over 
one-hall billion dollars, as the rate had then reached 6,000,000 to l. At the 
end of the month it was 12,000,000. Then a new paper currency, called the 
gold yuan, was issued at the rate of 4 gold yuan per dollar. But soon this 
also began an upward spiral. When we left China in December 1948, the 
official rate was 20 to 1, with the black market 60 to l, and at the time of 
our last reports from China, 800,000 to 1. 
In May 1948 we were informed by a high official of the Ministry of Agricul-
ture that many farmers have to sell most of their produce at harvest time. 
Later they must borrow in order to purchase grain for their own consump-
tion. And even though such loans may run only a few months, repayments 
must be in kind and the amount repaid must be two or three times the 
quantity of the loan. 
Rent of land is also payable in kind. During our visit to Pei-pei, Szechwan 
in December 1947, we were informed that landlords sometimes take 80 per-
cent of the rice yield as rent, tenants receive only 20 percent, and necessary 
equipment and seed is furnished by the tenant. However, the tenant pays no 
rent for the dry (non-irrigable) land in his holding. 
In other regions the rate is from 50 percent to 60 percent of the crop for 
bare land and 70 percent or more if the lanrl.lord also furnishes equipment 
and seed. 
Due to the pressure of population and the scarcity of available land in 
regions where life and crops are reasonably safe, tenants cannot escape 
these high rents. For them, to procure land means the chanc-e to live . 
Without it they may not be able to live. 
1 Report of China- U.S. Agricultural Mission. 
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Taxes also are many and great. Historically, the chief interest of national 
and provincial governments was that the farms should be a fruitful source of 
revenue. The privilege of levying taxes was often sold to the highest bidder, 
whose levies were the maximum that could be collected. Some improvements 
may have been made in recent years, but it is evident that the farmer bears 
a disproportionate share of the tax burden. 
Although landlords nominally pay the taxes on their land, many actually avoid 
doing so by passing them on to the tenant in the form of higher rents. The 
tax system tends to favor the landlord and impoverish the tenant. Landlords 
are better organized, more vocal, and exert more pressure on provincial 
and national government than the farmers . The individual farmer who owns 
and oper ates his own farm- - the peasant- -has little influence in the provincial 
and national governments. And there are no powerful and potent farmers 1 
organizations to speak for him- -such as our Farm Bureau and Grange. In 
Na.nking even the Ministry of Agriculture is considered a minor cabinet 
post. In a country so predominantly agricultural as China, it might well be 
one of the most important posts. 
The modernization of China 1s agriculture and the development of industrial-
ization will require some basic changes. The current system of land rent-
al, oppression, and usury of landlords and moneylenders, unfair and ex-
orbitant taxation, tribute to armies and bandits--all these must be eliminated 
and the true interests of the farmer and his worth to the nation must be 
recognized in practical and helpful legislation before much can be ac-
complished in the way of technical progress or improvements in agricul-
ture. And if China's greatest potential asset--her manpower-- is ever to 
become active, a realistic system of practical and useful education must 
reach, and function in, the rural corrununities, for such corrununities com-
prise four-filths of China. 
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IV. RESEARCH AND DEMONSTRATION PROGRAM OF THE COMMITTEE 
1. Need for Research in Agricultural Engineering 
A study of present-day Chinese agriculture reveals the great di££iculties that 
will be encountered in introducing machine methods of production. China has 
developed to a high degree a manual type of farming, which has been followed 
for many centuries with but little change. The practices followed have been 
thoroughly tested and have been closely fitted into the economic and social 
structure of the country's rural life. The size of fields, the location and con-
struction of paths, drains, and levees, the storage and application of irrigation 
water, the application of fertilizers, and the harvesting, storage, and trans-
portation of crops with little aid from work animals, have all been important 
factors in establishing practices so interrelated that one practice cannot be 
changed without upsetting the entire scheme of farming. For this reason, it 
seemed best that the Committee should conduct actual field tests of modern 
equipment used in growing the principal crops. 
2. National Agricultural Research Bureau 
The principal agricultural research institution in China is the National 
Agricultural Research Bureau under the Ministry of Agriculture and 
Forestry . ln accordance with the initial plans for the Committee, it became 
associated with this Bureau, three members were given appointments to the 
staff, and all members were granted the privilege of attending staff meetings 
and conferences and using the library and other facilities of the Bureau. 
The main station of the Research Bureau is located 5 miles east of the center 
of Nanking on a main highway and near the village of Shaolingwei. A number 
of substations have been established in the several agricultural districts of 
China, the principal substation being at Peiping. The Bureau was well estab-
lished and provided with buildings, equipment, and land for research work in 
agriculture before the war with Japan. During the war many buildings were 
destroyed and all were damaged. The equipment not carried to safety was 
either destroyed or removed. Much progress has been made in reconstruction 
since October 1945, when the plant was taken over by the Chinese authorities. 
The National Agricultural Research Bureau, together with the Cotton Improve-
ment Bureau and the Tobacco Bureau, located nearby, has about 450 acres of 
land for experimental purposes. This land, like most farm land in China, is 
divided into very small fields, About one-fourth of the total area can be 
irrigated, 
The Bureau is very ably directed by Dr. T, H. Shen, Director, and Mr. F . C. 
Woo, Vice Director. It is organized into ten departments, each under the 
direction of a head. The main center of the Bureau at Nanking enrolls about 
330 trained scientists and specialists . lncluding substations, the Bureau 
staff numbers about 600 in the several branches of agricultural science, 
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Fig. 24 Machinery exhibit hall and main offices, Agricultural 
Engineering Department, NARB. 
Fig. 25 interior view of machinery exhibit hall. 
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Regular weekly conferences were held by the Director, Dr. T. H. Shen, and the 
Vice Director, Dr. F. C. Woo, with the Committee. These conferences were 
very helpful and beneficial to the work of the Committee. The Committee was 
also invited to attend the weekly meeting of the Bureau staf£, 
3. Department of Agricultural Engineering 
In preparation for the coming of the Committee, a department of agricultural 
engineering was organized in the Bureau at Nanking, and a staff of trained 
assistants appointed. The members of the staff and their scholastic training 
are as follows: 
L. T. Woo, Head, B.S. Civil Eng., National Chaio-tung Univ. 
Harold C. Wan, 
Frank C. Ko, 
Henry K. T. Li, 
Robert Chen, 
Li Chen, 
K. S. Fang, 
Fred Kan, 
Bruce Lui, 
Phillip Tu, 
S. Y. Chu, 
M.S. A gri. Eng,, Univ. of Minnesota 
B.S. Aero, Eng., National Central Univ, 
B.S. Physics, Univ. of Nanking 
Harvester Fellow 
M.S. Agri. Eng., Univ, of Minnesota 
B.S. Mech. Eng . , National Wu Han Univ. 
B.S . Mech, Eng . , National University of Chekiang 
B.S. Mech. Eng., National Central Urriversity 
B-5. Mech. Eng., National Central University 
B.S. Civil Eng., National Central University 
B.S. Agron., University of Nanking 
Tool keeper 
The staff of technicians consisted of the following: 
2 carpenters 
2 blacksmiths 
2 machinery mechanics 
2 apprentices 
l accountant 
l typist 
4. Facilities for Research in Agricultural Engineering at 
National Agricultural Research Bureau 
a, Buildings 
When the Committee arrived at the National Agricultural Research Bureau 
in February 194 7, two new buildings for housing the offices, the laboratories, 
and the equipment of the Department of Agricultural Engineering were nearing 
completion. These buildings are of substantial masonry construction. One 
building, named Machinery Hall, has a floor area of 3600 square feet; and the 
other, known as the Shop Building, has a floor area of 4400 square feet. When 
the second shipment of equipment was received, it became evident that the two 
buildings would not have sufficient space to house the equipment planned for. 
In December 1947 an additional frame building was constructed to house part 
of the machinery to be received and to provide a building materials laboratory. 
Also, a quonset building was built to provide storage, particularly for fuel. oil. 
and building materials. 
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Fig. 26 Commemorative tablet on Agricultural Engineering 
Building records the coming of the Committee on 
Agricultural Engineering. 
··~ 
Fi g. 27 Shop and Resea rch Laboratory. Contains wood and metal-
working machinery, A 6-volt Windcharger is mounted on 
the roof. 
Fig, 28 Machine shed and storage building. Loading dock is across 
drive from center door, Right-hand bent (closed door) is 
used for farm structures research and storage . 
Fig. 29 Butler grain storage bin erected at east end of shop, 
This type of grain storage bin is very satisfactory in 
China. 
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Fig. 30 Ready-power plant, IO KVA, control panel and electric-arc 
welding equipment operated by it. Plant also used as power 
stand -by for shop machines. Oxyacetylene welding equip-
ment is shown in right-hand corner. Pedestal-type drill 
press in right foreground. 
Fig. 31 Arbor press, 60 ton, is set up to the right of the pedestal-
type drill press . Aermotor windmill wheel shown on right, 
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A galvanized sheet steel grain storage building supplied by the Butler Manu-
facturing Company was erected near the Shop Building. 
The administrators of the Ministry of Agriculture and Forestry and of the 
National Agricultural Research Bureau, have had a stone tablet placed in the 
wall of Machinery Hall on which is recorded the story of the educational pro-
gram in agricultura l engineering sponsored by the International Harvester 
Company and the appointment of the Committee on Agricultural Engineering, 
b.~ 
Since the program of the Committee included the demonstration of farm 
machines in the field, land for this purpose became an essential need. Upon 
arriving at the Bureau, the Committee indicated through the Director to the 
department heads a desire to cooperate in the use of machines in the growing 
of field crops. Several department heads, notably those of the cotton, rice, 
and horticulture departments, indicated a willingness to cooperate. The de-
layed clearing of the first shipments of farm machinery through the Chinese 
customs limited very much the extent of this kind of cooperation during the 
first year . 
A request was also made for an allocation of land upon which crops could be 
grown from seed bed preparation, through seeding, cultivation, and harvest. 
Several tracts were supplied, consisting of small plots which necessitated 
reorganization into fields of such a size as to make the operation of machines 
practicable. 
During the wheat harvest of 1947, a military unit known as the Central Train-
ing Corps invited the Department of Agricultural Engineering_ to harvest a 
wheat crop with a combined harvester-thresher in which there was much 
public interest. This contact led to a contract between the two organizations 
under which the Department agreed to grow staple crops on 2.00 mow of farm 
land. This land is located on a main highway into Nanking from the east and 
is about ti miles from the Bureau. A building for housing the tractors and 
machinery when not in use has been erected . 
Considerable leveling and clearing of debris was needed to improve the 
tract, but the securing of the land by the Department was considered very 
fortunate on account of its favorable topography and location. 
c. Experimental Shop 
The International Harvester Company supplied to the Department of Agri-
cultural Engineering complete equipment for wood and metal-working shops, 
making it possible to construct or modify any piece of farm machinery. It is 
believed that the experimental shop so equipped is the most complete shop of 
its kind on the continent. It did not appear practicable to install foundry 
equipment, as such equipment functions best when considerable metal is 
handled. Furthermore, it is possible to have castings made promptly from 
patterns furnished to a foundry in the city of Nanking. 
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The wood-working machines are complete and satisfactory for making any 
wooden parts for any farm machines or for making patterns for castings. 
Extensive sets of blacksmithing, welding, and metal-working tools and ma-
chines were supplied, including numerous instruments and pieces of apparatus 
such as a dynamometer, tachometer, stop watches, gauges, and apparatus for 
the testing of building materials. An outfit of special tools for servicing 
tractors and machines was included in the outfit of equipment. 
A stock of material and machine parts was furnished. Also an assortment of 
spare parts for the machines, tractors, and trucks. 
To provide a source of electric power for emergencies or stand-by purposes, 
and to operate the arc welder, a 10 KW (R4A) gasoline-electric plant was 
installed. 
Some of the more important machines and tools supplied for the experimental 
shop are as follows:• 
Blacksmiths 1 tools: 
Champion No, 400 forge 
Edwards No. 5 shear 
Set of vises, anvil, sledge block, hand tools, etc. 
Electric welding equipment 
Oxyacetylene welding equipment 
Metal working machines: 
South Bend lathe, 16" x 8 11 
Sheldon milling machine 
Drill press 
Electric grinders 
Grinding attachment for lathe 
Wood working machines: 
Delta tilting arbor saw 
Band saw, 18 inch 
Lathe, ZO inch 
Jointer 
Electric router 
Service tools: 
Arbor press, 60 tons 
Crane 
Portable electric drills 
Special tractor service tools 
Equipment for materials laboratory: 
Equipment for handling and testing building materials: 
Concrete mixer 
Concrete block forms 
Freezing apparatus 
Materials analysis apparatus 
* For a complete list of equipment furnished see complete inventory. 
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Fig . 32 South Bend, 1611 x 8 ', metal turning lathe . 
Fig. 33 Sheldon milling machine. 
10 
Fig, 34 Wood working end of research shop showing band saw, 
tilting table s aw, 6 - inch jointer, and lumber rack full 
of crate boards. 
Fig. 35 P lymouth cars used by the Committee . Native 
chauffeurs were very satisfactory . 
Photographic equipment: 
Speed Graphic camera 
Eastman No. 35 camera 
Weston light meter 
Bell-Howell projector , 16 mm 
Slide projector 
Enlarger 
Developing equipment 
Transportation equipment: 
2 Plymouth sedans 
2 International Kl pickup trucks 
2 Trailers, two-wheel 
1 McCormick-Deering all-purpose farm truck 
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-, 
Fig. 36 Hand plowing by using digging hook (tieh pah), Capacity 
is about l/24 acre per man day , 
Fig. 37 ' Man-propelled fertilizer distributor. One man with this 
simple machine covers as much area in the same unit of 
time as three men spreading by hand. 
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V, REVIEW OF RESULTS OF RESEARCH AND DEMONSTRATION PROGRAM 
1. Organization of Research Program 
In order to organize and guide the effort of the Committee and the associated 
staff members toward certain definitely selected objectives, rather than ex-
pending that eHort on scattered and unimportant activities, a group of fourteen 
project outlines were prepared. These outlines were reviewed by all inter-
ested parties, leaders selected for and staff members assigned to each proj-
ect, and finally, each project approved by the administrators. A list of these 
fourteen projects, together with the leaders selected, follows~ 
A sample project outline is included for the purpose of indicating how the 
projects were prepared. 
Some work was done on all projects, but a few of the projects were barely 
started before the Committee left the country. This is particularly true of 
the projects on well drilling, farm processing, and grain storage and curing. 
Project 10-- Methods of Construction and Materials for Farm Structures; 
Project 11-- Farm Housing; Project 12--Farm Sanitation; and Project 13- -
Crop Storage and Curing are reported in Section X, Rura:l Housing and 
Sanitation. 
Project 14--Agricultural Engineering Education is presented in Sections VI 
and VII. A list of educational institutions in China is included in the appendix. 
2. List of Research and Demonstration Projects 
National Agricultural Research Bureau 
Ministry of Agriculture and Forestry 
No. 1. Tractor and machinery operators' training program. Practical instruc-
tion and practice in setting up, adjusting, operating, and caring for 
mechanical farm equipmetit. Leaders: Department staff. Advisors: 
Archie A. Stone and Howard F. Mc Colly. Cooperation with National 
Central and Nanking Universities. 
No. 2. Field tests of tractors and machines; and implement research. Labor 
efficiency and powf'r costs in performing individual farm operations, 
and comparison with hand methods. Development, improvement, and 
adaptation of implements to specific conditions and purposes. Leaders: 
H. Wan, L. T. Woo, and staff. Advisors: Corrun.ittee on Agricultural 
Engineering. 
No. 3 . Labor, power, and machinery expenditures in wheat production. 
Comparison of techniques and methods. Leaders: H, Li and F. Kan. 
Advisors: Committee on Agricultural Engineering. Cooperation with 
Central Training Corps and Department of Wheat, NARB. 
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No. 4 Labor, power, and machinery expenditures in cotton and tobacco 
seeding, cultivation, and dusting. Comparison of hand and machine 
techniques. Leaders: H. Li and F. Kan. Advisors: Committee on 
Agricultural Engineering. Cooperation with Cotton Department and 
Tobacco Bureau . 
No. 5 Labor, power, and machinery expenditures in production of rice . 
Comparison of hand and ma.chine methods. Leaders: F. Ko and 
F. Kan, Advisors: Cornrn..ittee on Agricultural Engi neering . 
Cooperation with Rice Department . 
No. 6 Use of labor, power, and machines in the production of corn, soy 
beans, and sorghums. Labor efficiency, po~er economy, and cost of 
machines in the production of corn, soy beans, and sorghwns . 
Leaders: H. Li and F. Kan. Advisors: Committee on Agricultural 
Engineering. Cooperation with Miscellaneous Crops Department. 
No. 7 The drilling of wells for domestic and irrigation water supply. 
Methods and cost of sinking wells. Leader: F. Ko. Advisors: 
J.B. Davidson and H.F. McColly, Cooperation with Buildings and 
Grounds Department, NARB, other bureaus of MOAF, and other 
bureaus interested in water resources. 
No. 8 The design and operation of small pumping plants for irrigation. 
Leaders: H. Li, F, Ko, and F. Kan. Advisor: H.F. Mc Colly , 
Cooperation with departments concerned. 
No. 9 The farm processing of crops, and the development of rural indus-
tries related to power and machinery. Leaders: F. Kan and F. Ko. 
Advisor: A. A. Stone. Cooperation with several departments of 
NARB, Agricultural Colleges of National Central University and 
University of Nanking. 
No. 10 Method of construction and materials for farm structures, Use of 
native materials for housing and storage buildings. Leader: B. Lui. 
Advisors: J.B. Davidson and H.F. McColly . Cooperation with 
Agricultural College, University of Nanking. 
No. 11 The Farm House. 
The design and construction of a house to meet the practical and 
economic conditions of country life in China. Leader: B. Lui, 
Advisors: J.B. Davidson and H.F. McColly. Cooperation with 
Department of General Affairs , NARB. 
No, IZ Farm Sanitation. 
The design and construction of sanitary structures, and the facilities 
for safe water supply and waste disposal. Leader: B. Lui. Advisors: 
J.B. Davidson and H.F. McColly. Cooperation with Agricultural Col-
lege, University of Nanking. 
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No. 13 Grain Storage and Curing. 
The design and construction of grain and other crop storage facilities 
to meet conditions in China. Leaders: H. Wan, B. Lui. Advisors: 
j. B. Davidson and H . F. McColly. Cooperation with Department of 
Farm Management and other departments concerned. 
No. 14 Agricultural Engineering Education. 
Advisory service to the Ministry of Education and to educational in-
stitutions that may desire it. Agricultural Extension Commission, 
Leaders: J.B. Davidson, A. A. Stone, and H, F. McColly. 
Project No. 3 
3. Sample Project Outline 
MINISTRY OF AGRICULTURE AND FORESTRY 
NA T!ONAL AGRICULTURAL RESEARCH BUREAU 
Department of Agricultural Engineering 
Committee on Agricultural Engineering 
1. Title: Labor, Power, and Machinery Expenditures in Wheat Production . 
2. Leaders: H. Li, in charge; F. Kan; Committee ort Agrit:ultural Engineering, 
advisers. 
3. Cooperating agencies: Central Training Corps Farm; NARB and other 
locations. 
4. Objectives: 
a. To observe the labor required to harvest a unit area of wheat with 
hand tools: sickle, cradle. 
b, To observe the labor, power, and equipment requirements to harvest 
wheat with a binder. 
c. To determine the labor required to thresh wheat with a flail. 
d. To observe the threshing of wheat on threshing floors with the treading 
of animals. 
e. To experiment in the use of the combine harvester-thresher in har-
vestin g and threshing wheat. 
f. To determine the influence of hand and machine methods on the quality 
of wheat. 
g. To study the problems of producing wheat with machinery under present 
methods of preparing fields and seeding. 
h. To determine the labor, power, and machinery required to produce 
wheat. 
a. Under what conditions can machine harvesting and threshing compete 
with band methods? 
b. What is the relative c ost of hand and machine harvesting and threshing 
of wheat? 
What machinery is needed to economically produce wheat, and what 
are the time requirements of labor and machinery? 
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Project No. 3 (cont.) 
6. History: The Committee on Agricultural Engineering was established to 
make an experimental demonstration of machine methods of crop produc-
tion to determine its economic practicality. 
7. Literature: All available literature will be obtained and studied. 
8. Equipment required: 
a. Equipment for machine harvesting and threshing will be supplied by 
the Committee on Agricultural Engineering. 
b. Hand methods practiced on the NARB farms and nearby farms will be 
studied. 
9. Land required: 
a. Fields of sufficient size will need to be found on which to use machines. 
The Department of Wheat, NARB, has tendered some fields. 
b. The Agricultural College, University of Nanking, has offered to supply 
fields for tests. 
c. The Central Training Corps Farm Department has ZOO mow (about 35 
acres} of farm land which can be used for crop production. About 16 
acres can be used for wheat production. 
10. Method of procedure: Observe all methods of harvesting and threshing 
and record labor, power, and equipment used. 
11. Budgetary provision: Supplies and labor shall be provided by Agricul-
tural College, University of Nanking; Departments of Wheat and Agricul-
tural Engineering, NARB; Central Training Corps Farm, according to 
operations performed for each , 
12. Date of revision: November l, 1948, 
13. Project outline prepared by: Agricultural Engineering staff and Commit-
tee on Agricultural Engineering. 
14. Recommended by: 
Leader in Charge H. Li 
Head, Dept, of A g . Eng. L. T. Woo 
Chairman, Com. on Ag. Eng. J.B . Davidson _______ _ 
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Project No. 3 (cont.) 
15. Approved by: 
Dean, Ag. College, UN 
Head, Dept. of Wbeat, 
NARB 
Vice-Director, NARB 
Director, NARB 
Central Training Corps 
4. Training Farm Machinery and Tractor Operators 
Project No, l 
The successful and economical use of mechanical equipment in agricultural 
production requires skilled operators, who can not only handle such equipment 
skillfully but can also make the necessary adjustments and repairs, 
With a few exceptions, none of the staff members or technicians in the agri-
cultural engineering department at the Bureau had any experience with farm 
power equipment. Most of the sta££ members were graduates of China colleges 
of agriculture or engineering; but most of their activities before the Committee 
arrived had been limited to work with hand tools or simple, animal-drawn 
implements. The mechanics and technicians , although quite capable in their 
customary types o( shop work, were a lmost completely un£amiliar with 
mechanical farm equipment. 
The objectives of the Committee were to aid the staf£ members in becoming 
familiar with the operation, maintenance, and management of the new equipment 
and to emphasize the need for a thorough understanding of its economic use 
throughout the full cycle of crop production. The Committee desired to enable 
the technicians and mechanics to acquire skill in operating the machines in 
the field and in performing field adjustments, servicing, and repair operations. 
Trained operators and service men are essential to the future progress o{ 
mechanized agriculture, and a nucleus of such men was also requisite to the 
conduct o( the r esearch projects as outlined in this section. 
Work toward these objectives began with the assembly o{ the Harvester 
project equipment, the first shipment 0£ which arrived in Nanking on May 11, 
1947--three months after the arrival of the Committee and too late for full 
participation in the first spring season. All the machines were uncrated in 
the machine shop and assembled by staff members, technicians, mechanics, 
and students working under direct supervision of Committee members, 
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Project No. 1 (cont.) 
As soon as assembled and adjusted, appropriate machines were used in 
seasonal operations in the fields of various departments of the Bureau. These 
first operations included plowing and harrowing with farm and garden trac-
tors, vegetable cultivating with wheel hoes, fertilizing row crops with man-
propelled units, etc. As this first season advanced more opportunities for 
field practice were presented, 
Through the cooperation of the nearby Cotton Improvement Bureau, several 
acres were made available for field operations, which included combining a 
crop of wheat then on the land, drilling soy beans on this wheat land in June 
with the Farmall A and SZR grain drill set for 2.1-inch rows. Later this 
same field gave opportunity for tractor cultivation and for combining the 
beans, 
A considerable amount of field service was also performed for various de-
partments of the Bureau, including seed bed preparation and leveling, soy 
bean and vegetable planting and cultivation, cultivating cotton and tobacco, 
and later, plowing under a high growth of soy beans- -an unusual sight in 
China. 
From the standpoint of the Committee, the activities during this preliminary 
period were of importance because of their value in training operators. 
Every effort was made to give opportunities for practice to all who were 
concerned with the future of the work . Staff members, technicians, mechan-
ics, and instructors and students from the two universities all participated. 
The work included servicing and adjusting the equipment as well as field 
operations. 
This field service work for the various departments of the Bureau and other 
agricultural agencies was continued throughout the entire period of the Com-
mittee's residence in China. At the beginning of the second spring season 
{1948} a Field Service Log was begun which constituted a daily record of 
field operations, and on it was recorded all pertinent data, including area 
covered, time required, nwnber of trainees participating, etc. This Log soon 
showed that a great variety of operations was being performed, due to the 
many diverse crops produced by the different departments of the Bureau. 
Field service performed for outlying institutions included: 
l. Plowing on outlying farm operated by Tobacco Bureau. 
2. Plowing and cultivating--Cotton Bureau. 
3. Plowing ten-year-old sod--Orphanage. 
4. Disking, spring toothing, and harrowing--Orphanage. 
5. Hauling and spreading manure with 200 F spreader - -Orphanage, 
6. Planting jute with garden drill--Orphanage. 
7. Planting and cultivating soy beans with animal equipment--Orphanage . 
8. Bulldozing parking area, lawn, and grounds around field house--Central 
Training Corps. 
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Project No. l (cont.) 
9. Pwnping excess water from rice fields at villages near NARB . 
10, Various operations connected with crop production projects conducted at 
Central Training Corps. 
During the progress of this operator training project, certain sta££ members 
showed superior aptitudes and abilities . Such men were encouraged and aided 
and were able to assume responsibility not only for the selection and manage-
ment of the equipment used in the training project, but also a greater respon-
sibility in the specific projects which followed . 
Technicians and mechanics had also acquired a fair degree of skill in field 
operation, which gave them a foundation experience of great benefit in their 
service and repair work in the shop . 
Project No. 2 
5. Field Tests of Farm Machines and Implement Research 
Principal objectives of this project were: 1. to determine the rate of work 
per acre; 2, to compare the rate of work done by machine·ry with the rate with 
hand tools; 3, to determine the cost of performing operations by machinery; 
and 4. to develop, improve, or adapt implements to specific conditions and 
purposes, 
As most of the following field tests were made during the first few months of 
the Com.mittee's activity, operators were not thoroughly trained and, in some 
cases, it was necessary to use operators with practically no previous ex-
perience. In many instances the field tests conducted in this project were 
combined with operator training, and with demonstrations of some of the 
equipment. In the crop production projects, Projects 3 to 6, the field tests 
were part of the crop production techniques and are included in the data for 
the particular project. 
Soil conditions at Nanking are not ideal for the use of tillage machinery; the 
lack of humus makes difficult the preparation of a good seed bed. Usually 
the soil is not mellow and fertile; moldboard plows tend to leave lumps and 
clods so that several harrowings are often required. 
Field Test No. 1 Report of Experiments in Hand Plowing 
~: April 26, 1947 . 
.E.lA..c.J::: NARB, Nanking. 
Purpose: To determine the working rate and cost of hand plowing. 
Equipment: Four-tine swing hoes (ti.eh pah), tape, and watch. 
Procedure: Measure the ground and prepare the tools; start, and record the 
depth and rate of plowing . 
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Project No. Z (cont.) 
Description: Measured a land 40' x 150', divided it into four pieces, each 
10 1 x 150'. This was a land for production of peas, had been 
plowed last winter and was dry, from the lack of rain . 
Three laborers and two apprentices were ordered to do this 
work. They were T. S. Ho, T . Y. Ven, T . L. Yang, H.P. Hou, 
and T. P. Tso. Among them, T . Y . Ven was a well - trained 
farmer and the other two were common farm laborers so as to 
make this experiment representative. 
The iron part of the four-tongue swing hoe weighed 6.6 lbs., 
and its bamboo handle was 6 14 11 long. 
~: Time spared in 
Plowing 5 hours 3 minutes 
Preparation and repair of tools 42 minutes 
Rest 30 minutes 
Total 6 hours 15 minutes 
Average depth of plowing 
T. S. Ho 
T. L. Yang 
T . . Y. Ve n 
0 .5 feet 
0,6 feet 
0 .73 feet 
Area cultivated, each, 1500 sq . ft. or 0,0344 acre 
Working rate 
~ 
0.0055 acre/ hour 
0 .049 5 acr e / 9 -
hour day 
Wage of workman is a bout $4000CNC a day ($0.333U.S.) 
Depreciation of hoe $ 40CNC a day ($0.0033U.S.) 
(Average length of life, assume 8 years; price of hoe, 
$24000; during one year work 75 days.) 
Total cost for a day's work is $4040 CNC 
Cost of plowing an acre is $81616 CNC 
$6 .BO I U .S. gold 
Conclusion: The general information about hand plowing in China indicates 
1/ 24 acre is plowed per man-day (nine-hour workday). The 
area plowed varies from 1/ 18 to 1/ 30 acre, accord.mg to the 
diffe rence o f workmen, soil quality, sharpness of hoe, e tc. 
This experiment is quite repres entative. Its high efficiency is 
due to the excitation of workmen. 
REPORTED BY--L. Chen 
APPROVED BY--J.B.D. 
Fig. 38 Hand hoeing young garden .plants with small native hoes. 
Rate is about 1 /3 acre per man-day for good quality work 
under favorable conditions. 
Fig. 39 Wheel hoeing small garden plants. A man 1s capacity in 
area cultivated in a given period of time is increased 
from £i ve to I 0 times over a hand hoe. 
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Fig. 40 Planet J r . 1t H.P . garden tractor cultivating soy beans. 
Fig. 41 Gravely rotary plow preparing rice paddy land. A good 
seed bed was prepared in one operation. 
Fig. 42 Planet J r , H.T. garden tractor three-row planter drill i ng 
soy beans. 
Fig. 43 The disk harrow with adjustable gangs is an entirely new 
tillage tool in China. The common practice is to re-plow 
to loosen the soil , These two water buffalo were recently 
trained to work together and to drive without leading. 
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Project No . 2 (cont.) 
Field Test No. 2 Comparison of Rate of Cultivating 
with Wheel Hoes and Native Hand Hoes 
Date: 1947- 148 
Location 
and crop 
Area covered Time re- Rate o f work Output 
Wheel hoe Hand hoe quired Wheel hoe Hand hoe ratio 
Hort. Dept. 2 men with 8 men with 1 hr. 5 beds/ ! bed/man Wheel 
NARB wheel hoes hand hoes 
Eggplant cultivate cultivate 
18" row 10 beds* 4 beds 
Entomology 6 mow 
Dept. NARB 
Pyrethrum 
1411 rows 
Entomology 4 mow 
Dept. NARB (Pl. Jr.) 
Pyrethrwn 3 mow 
14" rows (Sears) 
1 mow 
1 mow 
Tobacco 1552.5 sq. 1080 sq. 
Dept .NARB ft. (av. ft. (av. 
Tobacco of 4 aper - of 12 
a tors) operators) 
Cotton Dept. 0 .5985 
Cotton 
Bureau 
Cotton 28 11 
rows 
Miscella- 7 mow 
neous Crops 
Dept. NARB 
Rape 
+Beds= 5'x96' 
Note: l mow= 1/6 acre 
0 .5985 
man hr. hr. hoe= IO 
( .055 ac.) (.0055 ac.) Hand 
hoe=l 
Whee l hoe l mow/ 
6hrs. man hr. 
Hand hoe 
9 hrs. 
0 .1 1 mow/ Wheel 
man hr , hoe=9 
Hand 
hoe=l 
9 hrs. 
Wheel 
hoe 24 
min. 
Hand hoe 
85 min. 
0.44 mow/0.11 mow/ 
man hr. man hr. 
(Pl. Jr.) 
0.33 mow/ 
man hr. 
{Sears) 
0.5154 0.1044 
mow/man mow/man 
hr , hr. 
Wheel 0,812 0.245 
hoe 44 mow/man mow/man 
min. hr . hr. 
Hand hoe 
147 min. 
1 - 2/3 1.05 Av.rate 
hrs, mow/man of 4 pre-
hr. ceding 
tests= 
0.14Z3 
mow/man 
hr. 
Wheel 
hoe Pl. 
J r .=4 
Sears=3 
Hand 
hoe=l 
Wheel 
hoe= 
4.94 
Hand 
hoe=l 
Wheel 
hoe= 
3.3 
Hand 
hoe= I 
Wheel 
hoe= 
7 .37 
Hand 
hoe=l 
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Project No. 2 (cont.) 
Field Test No. 3 Comparison of Rate of Distributing Fertilizer 
(Bone Meal) by Hand Methods and with Man - propelled 
Mechanical Distributor 
Equipment: Planet Jr, No, 219 fertilizer distributor 
Date: July 8, 1947 
Location and 
crop 
Area Covered Time re- Rate of work Output 
ratio With dis- With hand quired Distrib- Hand 
tributor method utor 
Horticulture 
Dept. NARB 
Sweet potatoes 
hilled in 3011 rows 
5 mow 
(with 1 
man) 
5 mow 
(with 3 
men) 
8 hrs, 0.625 0.208 Distribu-
mow/ man mow/ tor=3 
hr, man Hand 
hr . method = l
Field Test No. 4 Comparison of Rate of Cultivating with 
Garden Tractor 
Equipment: Planet Jr. garden tractor, Model BPI, Ii H.P. engine 
Date: 194 7- 148 
Location and crop Area covered Time re- Rate of Work output ratio 
Cotton Imp. Bureau 2,953 mow 
Soy beans 1811 rows 
Wheat Dept. NARB 12 mow 
Soy beans 1811 rows 
quired work Garden tractor com-
pared with av. of hand 
hoe rates reported in 
Field Test No. l 
58 min. 3.05 mow/ Garden tractor=21.4 
hr . Handhoe=l.O 
7 hrs. 1 .7 mow/ Garden tractor= 11.2 
hr. Hand hoe= I .O 
Equipment: Planet Jr. garden tractor, Model H. T ., 5 H.P. engine 
Sericulture NARB 10 mow 
Mulberry trees 
Ii hrs. 6 .66 mow/ Garden tractor=46.7 
man hour Hand hoe= I .O 
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Field Test No. 5 Rate of Dill Harrowing with Garden Tractor 
with 6-12" Disks, Set to Cut 2sn 
Equipment: Planet Jr. , BPI 
Date: jWle 12-13, 1947 
Location and crop 
Tobacco Dept. NARB 
Tobacco rows 
Tobacco Dept. NARB 
Tobacco rows 
Area covered 
{acres) 
0.403 
O.Zl4 
Rate 
Acres/Hour 
0 .894 
0 .860 
Field Test No . 6 Rate of Plowing and Fuel Consumption with 
Garden Tractor with 6±11 Moldboard Plow 
Equipment: Planet Jr,, BPI 
Date: jWle 18, 1947 
Location and crop Area covered Rate ac ./ Gasoline con - Gasoline con-
Tobacco Dept. NARB 
Tobacco 
(acres) hour 
O.Z05 0.10 
surnption 
(per hour) 
1/4 gal. 
surnption 
(per acre) 
2t gal. 
Field Test No . 7 Rate of Plowing* and Fuel Consumption 
Equipment: Garden tractor and rotary plow (Gravely Model L} 
Date: 194 7-48 
Location and Area cov- Rate of work, Gasoline con- Gasoline con- Yield 
crop ered (ac.) ac ./hr. :~~,h~~n surnption lbs./ per acre gal , acre, 
rice 
Rice Dept. 
NARB 0.466 0 .0606 0.793 7 .95 
Broad beans 
Rice Dept . R-81 0.5Z 0.088 0.55 6 .Z5 3ZZO 
Rice (Dry 
transplanting) 
Rice Dept. R-80 0.506 0.113 0.5Z 4.63 3650 
Rice (Wet 
transplanting} 
*This operation includes both plowing and harrowing--an excellent seed bed 
was prepared in a single operation . Field conditions and moisture content 
of soil were favorable in Tests Band C. 
Fig, 44 Plan ting cotton with No . 156-B corn and cotton planter 
pulled by water - buffalo . 
Fig. 45 Cultivating cotton with a five-shovel cultivator and 
water-buffalo. About two acres are covered in a day. 
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Fig. 46 Pumpi ng water with a Barnes 2 - inch direct - conn ected 
centrifugal pump , Nati ona l Central Unive r sity. 
Fig , 47 Fa rmall Cub and direct-connected plow tu r ni ng a 
clean, straig ht fur row. 
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Field Test No. 8 Rate of Planting~ Beans with Garden Tractor 
Equipment: Planet Jr. Model H.T., 3-row (300A) Seeder 
Date: July2andll,1947 
Location and crop Area covered Time required Rate (acres/hour) 
Wheat Dept. NARB 
Soy beans 18" rows 
Cotton Improvement 
Bureau 
Soy beans 18" rows 
(acres) (hours) 
3-1/3 0.602 
0.5 1-3/4 0.28 
Field Test No. 9 Rate of Disking with Animal-Drawn Disk Harrow 
Equipment: McCormick-Deering No. 17, Bumper, single-gang disk harrow 
drawn by two water buffalo, 
Date of test Location Area in Time re- Rate in Rate in 
of field quired mow/hr, ac ./hr . 
(hours) 
A-417/48 Cotton Dept. 6.35 2-1/6 2.88 0.48 
NARB 
B-4/7/48 Cotton Dept. 9 .52 4 .76 0.79 
NARB 
C-4/8/48 Cotton Dept. 8.04 st 1.46 0.243 
NARB 
D-4/10/48 Cotton Dept. 10.75 4-1/4 2 .52 0,42 
NARB 
E-4/10/48 Cotton Dept. 6.00 1-1/6 5 .17 0.86 
NARB 
F-4/11/48 Cotton Dept. 6.03 2-1/4 2.68 0.446 
NARB 
G-4/11/48 Cotton Dept. 10.22 4-1/3 2.35 0.39 
NARB 
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Field Test No. 10 ·Comparison of Rate of Planting Cotton by 
Hand Methods and Animal-Drawn Mechanical Planter 
Equipment: McCormick-Deering 156 B drawn by one water buffalo 
Date of tests Location of Area in mow Rate* mowLhr. Work output ratio 
field Machine Hand Machine Hand 
A-4/27/48 Cotton lmp. 8 .5 3.5 0.85 0.35 Machine = 2 .42 
Bureau Hand = 1.00 
B-4/ 28/48 Cotton Imp. 21.0 3.0 1.05 0.3 Machine = Z .86 
Bureau Hand = 1.00 
C-4/ 29/ 48 Cotton Imp. JO .O 3 .5 1.66 0.35 Machine= 4 ,75 
Bureau Hand = 1.00 
D-5/ 15/48 National 2 .0 2.0 0 .68 0 ,0835 Machine = 8 .15 
Central Univ. Hand = 1.00 
Agronomy Dept. 
E-5/ 19/48 Cotton Dept. 
NARB (C 13) 
5.75 1 .08 
*Reported rates--not actual tests. The relative rate of planting by machine 
can be doubled when operators have sufficient experience to enable one 
man to manage both the planter and buffalo, 
Field Test No. 11 Rate of Cultivating with One-Animal Drawn Cultivator 
Equipment: McCormick-Deering, No. 54 cultivator 
Date of Test 
A-4/ 26/ 48 
B-5/ 18/ 48 
Location Crop Area Time re- Rate Rate 
covered quired mow/hr. ac ./hr. 
(mow) (hour s ) 
Agronomy Dept. Tobacco 7 .5 1 .875 0.312 
N. C. Univ. 
Cotton Dept. 
NARB C-13 
Cotton 5.75 2-3/ 4 2 .09 0 .345 
Fig. 48 Farquahar one -row transplanter p lanting sweet potatoes, 
NARB field. TD-6 furnished slow - steady powe r in a 
straight line, 
p? §~I -
111 
.... .J,&... 
Fig. 49 Gravely garden tractor with mower and an experimental 
attachment for cutting and windrowing rice . 
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Field Test No. 12 Rate of Pumping Water, 
with Two-Inch Centrifugal Pump 
Equipment: Barnes 211 centrifugal pump. 
Directly mounted to Model A.B. Wisconsin engine. 
Date: September 26, 1947. 
Location Amount of water Total Time re- Rate of 
pumped head quired pumping 
Agronomy Dept, 557.5 cu. meters 7 ft. 11 hrs, 230 g.p.m. 
N .C. Univ. 
Field Test No. 13* Plowing with Farrnall Cub and 
Twelve-Inch Mounted Moldboard Plow 
Date of test Location Area Rate Rate 
Fuel 
Consumption 
f gal ./hour 
Gasoline 
(mow) Mow/ Hr. Ac./Hr. Gals./Ac. 
A-6/28/48 Cotton Dept. 6.6 2.2 0.366 
NARB 
B-7/1/48 Cotton Dept. 6.14 0.93 0.15 
NARB 
C-8/12/48 Misc. Crops Dept . 2.47 1.23 0.25 
NARB 
D-8/20/48 Misc. Crops Dept. 5.159 1.14 0.19 
NARB 
E-10/5/48 Ag. Eng. Dept. 4.3 0.819 0.136 5 .22 
NARB 
F-7/22/48 Ag. Eng. Dept, 14 .063 1.67 0.278 2.98 
NARB 
G-7/22/48 Misc, Crops Dept. 4.418 1.7 0.284 
* Operators had little previous experience; fields were of such shape that 
much time was consumed in turning, 
Other tests -- See Projects 3, 4, 5, and 6. 
Fig. 50 A 40-bushels-per-acre wheat crop in the fertilize9' portion 
of field. Average yield was ZS bushels. This field was 
harvested before the second storm. 
Fig. 51 The SZ-R harvester-thresher attracts a big crowd at 
Central Training Corps. Scene near Nan king-Shanghai 
Highway, Shaolingwei . 
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6. Wheat Production 
In 1947- 148, wheat was produced at the Central Training Corps on five small 
fields ranging in size from 1.8 to 3.9 acres and totaling 17 .4 acres. The 
previous crops were corn, potatoes, soy beans, and grass. 
The fall of 1947 was extremely dry so that it was very difficult to plow. The 
native plow, drawn by water buHalo, could not be used. Small areas were 
plowed by hand by use of the digging hoe, 'ltieh pah11 , and the areas watered by 
carrying water in pails and spreading with the long-handled wooden ladle. 
Normally, winter wheat seeding is completed not later than early in November. 
Soil moisture was so deficient the first half of November that wheat was not 
seeded. The seed bed was prepared by plowing, disking, harrowing, and using 
the soil pulverizer, then left idle. About mid - November the light night frosts 
and dews started a small amount of capillary water accumulation in the 
surface soil, so seeding wal;i started November 17 and the soil pulverizer 
used after seeding, Due to the dryness, the seeding rate was increased about 
25 per cent. Light rains occurred in early Dec_ ember, and a good stand 
of wheat resulted. The winter and early spring seasons were favorable for 
wheat development, and a very heavy stand of wheat became established. 
In May a hard wind and rain storm lodged the grain badly when the heads were 
about one-half developed. The grain erected itself some, but rusting resulted 
due to warm, moist weather and the yield was reduced· about one - fourth to one-
third. Pick-up fingers were constructed in the shop for the combine cutter 
bar to enable picking up the down grain. The wheat yielded from 20 to 25 
bushels per acre, which was twice the best native yield. 
When the crop was about one-half harvested, another rain storm came which 
leveled the grain because the straw was rusted and weak. It remained wet for 
a week, and the Training Corps used some of their labor to cut the grain with 
sickles, The small bundles were then hauled by Farmall A and trailer to the 
combine, which was used as a stationary thresher. 
The following data were collected from the wheat production experiments and 
demonstrations conducted at the Central Training Corps, 
Operation 
Plowing , .. , . , . , 
Disking , , , , ...• 
Harrowing ..... . 
Pulverizing . . . 
Seeding ...... , . 
Harvesting. , ... . 
Labor and Power Expenditures in 
Growing Wheat, CTC, 1947-'48 
Power Equipment Man hours per acre 
Farmall A 
Farmall A 
Farmall A 
Farmall A 
Farmall A 
Farmall A 
1-1611 mounted 
5' - tandem disk 
3-sec. 75-tooth 
8 '-double gang pulverizer 
12/711 R drill 
5' - 52R combine 
Total 
3,3 
1.5 
1.8 
.8 
1.5 
4.2 
13.1 
Fig. 52 Blind cultivating cotton after a hard rain and wind storm. 
Soil very badly crusted, 
Fig . 53 Homemade l eveler-float preparing rice land for mechanical 
rice production. 
95 
96 
Project No. 3 (cont .) 
The following data was obtained from the manually performed operations and 
animal use on parts of some fields: 
Fertilizing 
Harvesting 
Raking straw 
Hauling straw 
Hand 
Hand 
Buffalo 
Buffalo 
Night soils 
Sickle 
9 1 - dump rake 
Cart 
36 
24 t:J 54 
I 
14 
The man and animal days required to produce an acre of wheat in China are 
given as 26 and 8 respectively, as given in the table in the farm machinery 
section of this report. At IO hours per day, this is 260 man hours per acre. 
Project No. 4 
7. Cotton Production 
Four small pieces of cotton were produced at the Central Training Corps in 
1948, the area totaling Bi acres, with the largest piece containing 3 acres. 
The previous fall crops were green manure beans, grass, and fallow. Thus, 
the grass and fallow pieces were new crop land. The fallow piece was 
originally spotted with shell holes, trenches, and pits and was reconditioned 
with the TD-6 and bullgrader. 
Cultural practices were spring plowing with the Farmall H tractor and No. 8 
plow with a section of peg tooth harrow in tandem. The grass piece was 
plowed in the fall. The land was double-disked, some of it twice, and har-
rowed until in condition, averaging about three times over. 
Planting was started in early May with the Farmall A and A-100 planter 
equipped with fertilizer attachment. Only a small quantity of commercial 
fertilizer could be obtained, therefore only a strip could be fertilized. The 
disk attachment was left on the planter and was set to ridge each row about 
six inches high so each row was on an individual bed for drainage purposes. 
The usual Chinese system is to plant three rOws on a bed. 
As the cotton was emerging from the ground, the wind and rain storm which 
damaged the wheat packed and crusted the surface of the soil very badly. 
It was necessary to blind-cultivate the field with the one-row cultivator to 
break the crust, because the cotton sprouts were bring smothered, but the 
tendency was for the crust to slide before the cultivator, thus destroying 
some of the plants that were up or were sprouted and curled over just under 
the crust. Very little chopping was required to thin the plants in the row, 
and a little replanting was necessary in bad spots. A mulcher might have 
been advantageous in crust breaking , as its capacity would have enabled 
covering the whole area in one day before the crust baked so hard. 
The power duster was fixed up so it could quickly be mounted on the Farmall 
H for crop dusting. However, insecticides were scarce , thus r estricting 
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optim~ disease control and there was considerable damage, probably 25 per 
cent yi.eld decrease, due to plant disease, It was estimated by plant scientists 
that there was a b out a soor. decrease in crop yield due to insufficient fertility 
and to disease control, 
Data for the production of cotton are as follows: 
Approximate Power and Labor Requirements 
in Producing Cotton, CTC, 1948 
Operation Power 
Plowing ..... . .•.•. Farmall H 
Disking, ......•.•. , Farmall H 
Harrowing • •. , .•. , . . Farmall H 
Planting , . , . , .. , . . . Farmall A 
Cultivating , . , .... . , . Far mall A 
Chopping and hoein:g . • . Hand 
Picking ... , , . . . . . . . Hand 
Equipment 
Z-bot. 1411 No. 8 
8 '- tandem d.h, 
3-sec. 90-tooth 
1-row c and c planter 
l-rowNo, 138 
Hoe 
Sack or basket 
Man hours 
per acre 
z.o 
.6 
.6 
1.7 
6 .o 
30.0 
48.0 
Total 88 ,9 
In Section VIII the labor and power requirements to produce an acre of cotton 
are given as 53 man days and 8 animal days, or 530 man hours at 10 hours 
per day. 
Project No, 5 
8. Rice Production 
The production of rice by mechanical methods in China was recognized by the 
Committee as the most difficult problem to be encountered in the use of 
machinery. Since rice is China's major crop, it became evident that research 
work should be started in the production of rice by mechanical methods. The 
small existing rice paddies are not well adapted to machinery use beyond 
plowing, disking, and harrowing. Even in these operations, the small paddies 
waste much time utilized in turning the machinery at the field ends, and many 
paddies cannot be surface-drained satisfactorily for machine tillage, 
ln the early fall of 1947, the Rice Department of NARB assigned four small 
rice paddies, totaling. 13 mows in area, to the Department of Agricultural En-
gineering for use in producing rice mechanically. These paddies were divided 
by path-dikes about 18 inches high, with the difference in elevation between 
each adjacent paddy about 6 inches. It was decided to remove the dikes by 
using the Farmall A tractor with a 16-inch attached plow. After plowing down 
the dikes, the new single field of 2.1 acres was plowed, disked, harrowed, and 
seeded to broad beans to be used as green manure. Broad beans compare in 
98 
Fig. 54 Homemade border drag constructing border dikes for 
irrigating ric e . Grain drill was operated over the 12-
inch dikes a nd they were quickly repai r ed with a shovel. 
Fig. 55 Dempster 3-inch centrifuga l pump, IH 3-5 H.P . LB 
engine and discharge box installed for irri gating 
experimenta l rice field , Pumping 225 ga llons per 
minute o r ! ac r e inch per hour. 
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size to large lima beans and they were seeded with the type R double -run feed 
grain drill. 
The Held was plowed about mid-April with the two-way plow, then disked and 
harrowed. The leveler-float, shown in Figure 53, was used to level the field 
for irrigation . Additional disking was necessary in some spots where soil 
was removed to the depth of plowing. Border dikes were constructed on the 
old dike locations with a homemade border drag, Seeding on April 23 was 
done with the fertili:z.er-tYPe g r ain drill seeding rice at the rate of 40 pounds 
per acre and drilling a I :l mixture of ammonium sulphate and super -phosphate 
at the rate of 110 pounds per acre, After seeding over the borders, they were 
reshaped with a shovel . 
The irrigation water was pumped with various outfits under test. The first 
irrigation was carried out April 27with two Ii-inch Mercury outfits. About 
a 3-inch application of water was pumped to sprout the rice and get it grow-
ing; then after the rice was up, a 3-inchdepth of water was maintained in the 
field. As the rice grew taller the water depth was increased to about 6 inches 
or more, except for two drying periods during the season to control aquatic 
weeds. A 5 - inch Carver pump with 5 H.P. Hallet Diesel engine (outfit obtained 
from UNRRA) was used for one pumping. The 3-inch Dempster pump with 
3 - 5 H.P. LB engine was then installed and used as the permanent pumping 
outfit for the rest of the season . The season's total pumping with all outfits 
was 1 50 hours, consuming 45 gallons of fuel. Total pumping head was about 
12 feet, and t he 3-inch outfit pumped an average of 300 gallons per minute, or 
a seasonal total of 24 inches of water on the field. Figure 55 s hows the 
McC-D LB engine installation with stilling box designed to dispense discharge 
velocity and thus prevent erosion in the field. 
The field was fertilized once in the summer with 300 pounds of 1 :1 mixture of 
ammonium sulphate and super -phosphate. Weeds were pulled by hand several 
times, as the paddies were badly infested, and it will be necessary to establish 
weed control measures to make successful rice land of the area. 
A severe wind and rain storm in late August leveled much of the g rain and 
soaked the field, which had poor drainage. (The drainage condition of the 
field can be improved for the next season .) The field was too wet for opera-
tion of the combine, and the long down-grain could not be picked up. The 
Farmall H with mower was used to mow, one way, the drier portions of the 
field; and hand cutting was used for the remainder. The combine was used as 
a stationary thresher. Threshed grain was hauled by tractor and All-Purpose 
farm truck to the experimental grain drier, and after drying was placed in 
the Butler steel bin. 
Weed control practices are to be introduced which will materially reduce the 
labor expended in hand-Pulling weeds, When weeds are under control, it is 
possible to keep them under control by water manipulation, Crop rotations 
and other practices are necessary to prevent fields from becoming too 
heavily infested. Some noxious weed pulling could be done by the pumping 
JOO 
> ,. 
Fig . 56 P lanting corn with HM. 1 00 two-row planter, Water fur r ows 
made with three r ear sweeps . 
Fig 1 57 Drilling four Zl - inch rows of soy beans with No . 40 beet 
and bean planter. This planter was also used to drill 
36-inch corn rows. 
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plant attendant, as he has little to do after the engine is operating except to 
check water into the borders, 
Investigations should be conducted on the success of adding fertilizer with 
the irrigation water. Good results have been obtained in some of the states 
by adding fertilizers to water, and in irrigated territories it has been added 
at the pump discharge. The addition of fertiliz e r might be limited to the time 
when the water spreads more quickly over the entire field. The pump attend-
ant could care for the addition of fertilizer to the water. 
The following data were collected in the rice production experiment: 
Labor and Power· Expenditure in Producing Rice, NARB, 1948 
Operation Power 
Plowing. • . . • . • . . • Farmall A 
Harrowing ....•.•. Farmall A 
Leveling ..•.. • .• , Farmall A 
Diking .•••••• , •. , Farmall A 
Seeding •. , . • . • . . . Farmall A 
Pumping . • . . . . . • • Engines 
Fertilizing and 
pulling weeds, , • . • Hand 
Cutting and carrying • 
Cutting .••.... , • • Farmall H 
Threshing .•. , , . • • Aux . motor 
Machinery 
1611 2-way plow 
3-sec, 75-tooth 
Leveler -float 
Border -diker 
13/711 fert. grain dr. 
Centrifugal pumps 
Hand 
7' mower 
52-R combine 
Man hours 
per acre 
3 ,7 
.6 
3.5 
1.4 
1,9 
72,0 
70,0 
95.3 
1,8 
6.7 
Hauling ••••..•... Farmall H A-P {arm truck 1.0 
Drying and binning. . . Homemade grain drier 
Butler steel bin 9 .5 
Total 267 .4 
The situation arising which required hand cutting can be avoided by having 
drainage of the field under control. Storms and other calamities cannot be 
controlled, but in this experiment, i£ the entire field could have been drained 
allowing operation of the tractor mower on the whole piece, 75 man hours 
per acre would have been saved, or about 28 per cent. This field in proper 
condition could be harvested and threshed with the 5 -foot combine with about 
three man hours per acre. 
The following estimate of labor expenditures in producing rice by hand and 
animal methods in Szechwan Province was furnished the Committee by staff 
members of the branch station of NARB. 
I 02 
Operation 
Repair levees and dikes. 
Plow first time, . , .. . . 
Harrowing (puddling) .•• 
Plow second time .. , . • 
Harrow .. , . . . . 
Plow third time . . . , . . 
Harrow- -twice over . , . 
Transplanting, . , .. , . , 
Weeding- - twice •.• , , , 
Harvesting and threshing 
Man labor hours per acre 
Total 
30 
30 
12 
30 
6 
30 
12 
30 
30 
45 
255 
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Animal work hours 
per acre 
6 
30 
12 
30 
6 
30 
12 
126 
This labor does not include irrigating, transportation, drying, and handling. 
ln the farm machinery section of this report the following amounts of labor 
are given for producing an acre of rice (omitting the high labor section in 
Southwestern Rice Area): man days--82, and animal days- - 19. At 10 hours 
per day this is 820 man hours per acre, This figure of 82 man days includes 
all items of work like tillage, planting, hoeing, irrigating, weeding, fertilizing, 
harvesting, threshing, and transporting . 
Project No. 6 
9. Corn and Bean Production 
The first work in producing corn was started in the spring of 1948 as the corn 
machinery did not arrive until that time. Three small plots of corn were pro-
duced, one plot following the wheat crop, one following winter vegetables, ilnd 
one using one of the plots bulldozed for clearing and leveling. The largest plot 
contained 3.9 acres, the total area being about 6 acres. The Farmall H tractor 
and No. 40 beet and bean planter were used to drill two rows at a time on the 
first two plots prepared. Seed, an Iowa hybrid, was supplied by UNRRA and 
used for all fields. By the time the larger plot was ready for planting, the 
fD..1-100 planter and Hl\lf-238 cultivator had arrived, so this equipment was used. 
Plowing and seedbed preparation was done with the Farmall H equipment. 
Fertility was inadequate, as is true with most of China's soils. Crops and 
fertility specialists stated that the corn yield could have been doubled, without 
any doubt, by the use of fertilizers. 
The P-2 corn picker and ell-purpose farm truck were used to pick corn and 
the outfit worked very well. Farmers were impressed by its use, but it did 
not attract the crowd that the small-grain combine did. 
Fig . 58 Drilling four 21-inch rows o f mWlg beans (small green 
seed) with double - run feed drill, Note homemade marker, 
Fig. 59 Corn picker in use in experimental and test field at 
NARB, fall 1948 . 
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Fig. 60 Well-drilling rig operating in practice hole near 
Agricultural Engineering Building, NARB, fall 1948 . 
Fig. 61 Flooded rice Oelds and pumping plant. The rice fields 
were Hooded with backwater from Hooded Yangtze 
River. The crop would have been lost i£ the Llelds had 
not been drained. 
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In the spring of 1947, several small plots were assigned to the Department of 
Agricultural Engineering for the production of soy and mWlg beans . The 
largest plot contained about 3 acres after it was reorganized by plowing out 
dikes and paths. The other two plots contained about j acre and Ii acres. 
Most of the soy beans were direct combined (52-R harvester-thresher with 
edible bean attachment), with good success, the variety being well adapted to 
the method . Mung beans are small plants so it was necessary to pull and 
windrow them for combining, and the pick-up attachment was used with the 
52-R harvester-thresher equipped with edible bean attachment. 
ln 1948, two fields of soy beans totaling 9 acres and one 4.5 acre plot of mung 
beans were produced on Central Training Corps land which had produced the 
wheat crop. The Far mall H tractor, No. 8 plow, 8-foot tandem disk harrow, 
90-tooth peg tooth harrow, and No. 40 4-row beet and bean planter were used 
to prepare the seedbed and plant the beans. The Farmall A with A-452 4-row 
vegetable cultivator was used for cultivation. Disk weeders were used the 
second time to throw into the row to cover weed growth and knife weeders and 
duck feet were used the first and third times. 
The 1948 soy beans produced many pods low down, even down to the ground. 
About 15 per cent of the pods would have been left in the field by direct com-
bining, therefore the beans were pulled, and to prevent theft were gathered 
into one area. The pulling and gathering operations resulted in a tremendous 
increase in labor. Good varieties should be selected which are most adapt-
able to direct combining. 
The following tabulation reports the results of the corn and soy beans pro-
duction studies conducted in 1947 and 1948. 
Approximate Power and Labor Requirements in Producing 
Corn and Beans--NARB and CTC, 1947- 148 
Operation Power Machinery Man hours per acre 
1947 1948 
Corn 
Plowing ...... Farmall H 2-bot. 14 11~8 2.0 
Disking (2), . . . Farmall H 8 1-tandem d"isk harrow .8 
Harrowing (4) .. Farmall H 3-sec. 90-tootl. .6 
Planting .•. . .. Farmall H 2-row H?v1-100 and No. 40 1,0 
Cultivating ..• . Far mall H 2-row H?v1-238 1.0 
Harvesting ...• Farmall H 1-row picker, No. 1-P 1.7 
Total . . . • . . . . • . . . . . 7 .l 
1---= 
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Operation Power Machinery Man hours per acre 
1947 1948 
Plowing. , . , .• Farmall A 
Farmall H 
Disking . ••... Far mall H 
Harrowing. . Farmall A 
Farrnall H 
Planting .. . . . Farrnall A 
Farmall H 
Cultivating .. .. Farmall A 
Harvesting .... Farmall A 
Labor 
Threshing . , . , 
Soy beans* 
I -bot, 1611 mtd. 
2-bot . 14 11 No, 8 
8 11-tandem disk harrow 
3-sec. 75 - tooth 
3-sec. 90-tooth 
4x2111 gr. dr . 12x711 
4-row z1n No . 40 
4 - row A-452 cultivator 
52 -R combine direct 
Pulling and gathering 
52-R combine stationary 
6.o 
3.0 
4 .2 
I 0,0 
4.8 
Total 28,0 
Less hand labor which could be eliminated .. , . .. , .. .. . ..... , . 
Total by using harvesting methods proven, 1947, . , . . 
* Many of the savings in labor in 1948 were due to larger plots of land, 
better soil conditions, and more experienced operators than in 1947. 
2.1 
,7 
.7 
I .0 
.24 
40 .0 
_l_,Q 
53.9 
42.2 
11.7 
In Section V III of this report the man-days and animal-days required to pro-
duce an acre of corn in China are given as 23 and 5 respectively. On the 
basis of I 0 hours per day this is 230 man-hours per acre, 
10. Summary of Crop Production Studies 
The following table, in summary form, has been prepared to illustrate how 
China's agriculture can be benefited by increasing the labor output of the 
agricultural worker . Comparisons are made with agricultural production in 
the United States during the period of about 1830 when the farming system 
was by hand and animal, 1895 when machines and animals were used, and 
19~0 when machines and tractors became quite generally used. 
NARB project studies . , .. . . . 
Present hand methods ... , , .. 
U.S. about 1830. , 
U.S. about 1895 .... ..•... ,. 
U.S. about 1930., .. , . 
Per cent time saving by project 
Wheat 
13 ,I 
260 
(64)• 
57 .7 
8,8 
3,3 
methods over hand methods. . 95 
Man hours required per acre 
Rice Cotton Corn Soy beans 
267.4 88.9 7.1 11,7 
820 530 230 260 
(162) (64) (40) (48) 
148 .6 33.6 
I 02.4 1 5 .l 
71.8 6 .9 
68 83 97 95 
• Numbers in parentheses are animal hours. 
107 
Project No . 7 
11 , Well Drilling 
It was reported to the Committee on Agricultural Engineering that additional 
wells were needed {or domestic and irrigation water supplies in China. A 
well-drilling project was outlined and preliminary steps taken to study water 
resources and to make plans for drilling demonstration wells, Most domestic 
water wells are open-top shallow wells, and a large part of the drinking water 
on farms is obtained from streams and ponds and is subject to contamination, 
Nearly all drinking water is boiled before consumption. There are good 
sources of domestic water in deep levels which can be utilized by d r illing 
deep wells. 
There are localities in China where irrigation water can be obtained by 
sinking wells and installing centrifugal pumps in the shallow wells and tur-
bine pumps in the deeper ones. Some information on irrigation wells and 
pumps is included in the discussion of Irrigation in Section IX, Branches of 
the government interested in natural resources, water conservation, and 
geology have considerable information relative to ground water resources 
and their location and characteristics. 
The Committee 1s well-drilling rig,a Bucyrus -Erie 21 - W, did not arrive 
until late in the spring of 1948 . This rig is equipped for sinking 3- and 4 -
inch holes to 300-foot depths. Perforated casing was received, but the 
regular well casing was delayed and none could be located near Nanking. 
On October 11, 1948 the rig was started in a practice hole near the Agri -
cultural Engineering building and a 4-inch hole 50 feet deep was drilled. 
This was done to t r ain personnel in the operation of the machine so work 
could go ahead a fter the Committee departed from China, as it appeared 
that casing materials would not a r rive befor e departure, P l ans were dis-
cussed for dri ll ing domestic and irrigation wells at NARB and locations 
were tentatively established. 
Project No. 8 
12. Irrigation and Drainage Pumping 
Experiments and demonstrations i n the fie l d of irrigation pumping were con -
ducted for the most part in connection with other projects, for example, the 
irrigation water was pumped for rice p r oduction as a part of the project on 
rice p r oduction. Some pumping information will be found in the Irrigation 
and Drainage parts of Section IX and also in Project No. 2, Fie ld Tests and 
Implement Research. 
In the summer of 1948 the Yangtze River became so high that the flood waters 
backed into canals and fields and threatened to drown the rice crop in areas 
near NARB. Representatives from a farm village south of NARB approached 
the Agricultural Engineering Department of NARB to save their crop by pump-
ing the flood water out of the paddies. About 200 acres were involved . The 
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Project No . 8 (cont . ) 
5 H .P. Hallet Diesel engine and 5 - inch Carver centrifugal pump (UNRRA 
equipment) were taken to the village fields and a pumping schedule on a day 
and night basis was established. The International LB engine and 3 - inch 
Dempster centrifugal pump were located in another field and pumped there be-
tween the pumping periods needed for rice production in Project No. 5 . The 
pumping projects were very successful, the rice crops were saved, and a 
bumper crop resulted due to an ample water supply. In the fall the farmers 
of the village paraded to NARB and presented a banner expressing their 
gratitude. 
The following data have been summar ized from various pumping installations 
and tests, 
Pump used Power used Average total Average Appr ox. acre 
head, ft,• rate pump- inches pumped 
ing g.p.rn. in 12 hours 
Dempster it11 LB engine It H.P. 20 50 1- 1/3 
centrifugal gasoline; belt 
Dempster 311 LB engine 3-5 H.P. 21 225 
centrifugal gasoline; belt 
Carver 511 Hallet 5 H.P. 19 600 16 
centrifugal Diesel; belt 
Barnes 211 Wisconsin AB 45 120 3-1/5 
centrifugal gasoline; direct 
Water ladder 2 men (hand) 40 l 
Water ladder 8 men (foot) 2 crews 100 2 - 2/3 
o! 4 
Donkey pump l donkey 16 36 
• Vertical distance water supply to discharge plus pipe friction. 
Project No•: 9 
13. Processing Farm Crops 
Objectives: To compare the efficiency of modern mechanical equipment with 
native equipment; to study the adaptability of modern equipment to conditions 
in China. 
Equipment used: 
Rice huller and polisher - - Engelberg No. l 
Rice huller and polisher -- Engelberg No, 3 
Rice sheller -- Japanese-made 
Corn sheller -- McCormick-Deering No. 30 
Baling press -- McCormick-Deering No. 15 
Grain cleaning mill -- A. T. Ferrell&: Co. Clipper 
Fig . 62 Representatives of village on their way to NARB to express 
appreciation for assistance in saving their rice crop. 
Fig . 63 Representatives of village, officials of NARB, and banner 
setting forth appreciation. 
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Fig . 64 C l eaning and g rading rice with Clipp e r s hake r fanning 
mill. A lso u s e d for mung b ean s, s o y b eans, donkey 
b ean s, and wheat. 
Fig . 65 Shelli ng corn with F armall A and No . 30 corn s h e ller 
a t the rate of I 00 bush els per hour , 
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Project No. 9 (cont.} 
The Agricultural Engineering Department of the Research Bureau intends to 
perform custom service in rice processing after the research studies are 
completed. Hence, considerable delay was encountered, as a suitable location 
of the equipment for this purpose was not immediately available, However, a 
new machinery shed was completed in the winter of 1948 and tests of the rice-
processing equipment began on January 6, 1949. 
The Engelberg No. I was powered by a Farmall A and the Engelberg No. 3 by 
an International Model LB, 3-5 H.P. engine. 
The rice used in the first tests was of poor quality and contained, before 
processing, a high percentage of cracked and damaged kernels. However, the 
first tests caused corisiderabl e cracking, although cleaning and polishing were 
satis factory . 
No moistur e testir1;g equipment was then available at the Bureau, so samples 
were taken to the Agricultural Chemistry Department for moisture tests. The 
results showed a moisture content of 11.59 per cent; this dry condition caused 
excessive cracking in the Hist tests. 
Later tests on samples with a moisture content nearer the optimum of 14 per 
cent gave much better results. 
A report received in April 1949 from Mr. Frank Ko, staff member and leader 
of thi s project, advised that excellent results were now being obtained with 
the Engelberg equipment. The Bureau now possesses moisture-testing 
apparatus , 
The Japanese-made unit is a sheller and cleaner o~ly; it do~s not accomplish 
hulling or polishing. It was powered by a McCorm1ck- Deermg Model LB 3-5 
H.P. stationary engine. The shelling unit consists of a pair of 8-inch. rollers 
with 3/4-inch rubber facings , The distance between these shelling rollers 
and the pressure which may be applied on them is adjustable. 
After the rice passes the rollers, a stream of air from a fan blows out the 
hulls, Then the grain slides downward to an auger which conducts it to one 
of three bucket-type elevators . This first elevator delivers the partially 
shelled grain to the hopper of the cleaning mill. 
The cleaning mill sieves and screen have three outlets, 
I. The top sieve is a scalper which returns unshelled grain to a second 
elevator that returns it to the rollers for reshelling. 
z. The center sieves receive the grain which passes through the scalper. 
Grain r etained on the center sieve is delivered to the first elevator, which 
returns it to the hopper for recleaning. 
3 , The bottom screen delivers clean rice to a center (third) elevator 
which conveys it to a bagger. At the bagger a baffle is provided by means of 
which the grain can be returned to the cleaning mill if it is not satisfactorily 
cleaned. 
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Fig. 66 The shop mechanics, apprentices, and tool keeper, NARB. 
These men became very adept at assembling farm machinery 
and caring for it, Two of them became proficient operators. 
Fig. 67 ·Thir ty-two students enrolled in two-year Farm Operator's 
course, fall 1947, University of Nan1<ing, 
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Project No. 9 (cont.) 
This unit was constructed almost entirely of wood. Its construction is prob-
ably not sufficiently strong and rigid to permit continuous power-operation. 
However, the quality of work accomplished in shelling and cleaning rice was 
excellent. 
b. Cleaning~ 
The Clipper grain cleaner and grader was used to clean all small grain, soy 
bean, pea, and bean seeds before planting on the Central Training Corps 
farm. Most of these seeds contained other kinds of seeds and foreign material 
as the seed used had been produced, threshed, and dried by native methods. 
Drying as usually practiced consists in spreading the seeds on the tamped 
earth threshing floor and when stirred and swept up much dirt, stones, and 
other foreign material is gathered with the seed, as well as other kinds of 
seeds, A very good job was done by the Clipper in cleaning rice, wheat, soy 
beans, mung beans, donkey beans, broad beans, and cow peas. 
The crops produced on the experimental farm were cleaned before storing or 
marketing and the market price materially increased due to the removal of 
foreign material and dockage. Rice was cleaned before hulling and polishing 
for food, and wheat before grinding for flour and cereal. Soy beans were 
cleaned before being used for food at NARB and CTC . In all, the Clipper 
cleaner was used for cleaning and grading approximately 200 bushels of 
seeds. 
The machine was operated by hand crank, a garden tractor used as a sta-
tionary engine, and a 1/4 H .P. electric motor, the latter used most frequently. 
The No. 30 power corn sheller was used to shell several lots of ear corn, 
The Farmalls, Models A and Cub were used for power for the several runs. 
Once when rice became scarce as food, old ear corn was shelled for food . 
One lot of ear corn was shelled for sale . The capacity obtained was about 
100 bushels per hour , which kept the attendants very busy with the handling of 
equipment available, The cobs were readily taken for fuel, 
A McCormick-Deering one -hole hand corn sheller was loaned to NARB by 
UNRRA and a great deal of use was made of this machine for shelling small 
quantities of ear corn at various periods. 
d. Baling straw 
The No , 15 power baler was put into operation in a demonstration in baling 
rice straw. Bale wire ties were prepared by means of the wire tie machine 
sent with the baler. The Committee did not grow and harvest any hay crops 
and none could be found to use in the baler. This enterprise can be developed 
with the Animal lndustry Bureaus. 
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Project No. 9 (cont.) 
The rice straw demonstration was very effective and the personnel became 
accustomed to the machine . It seemed the baled rice straw was relished more 
as feed by the water buffalo than the unbroken straw , Also, the baled straw 
was preferred as fuel over the loose straw, which had to be twisted tight by 
hand. 
The Sears Roebuck & Co, No. 7650 hand flour mill and No. 7671 hand grist 
mill were used considerably to grind wheat for flour and whole wheat cereal. 
The Committee prepared such products for their own use by purchasing wheat 
and thus processing it. A number of staff members ground wheat for flour 
and at times cracked rice was milled. 
These mills were operated by hand most of the time, but for la r ger quantities 
the larger mill was operated by a 1/4 H.P. electric motor, belted to a small 
speed reduction jack so the operating speed was the same as by hand. 
A great deal of interest was shown in these mills and the work they could do . 
If they were available in Chinese stores, there would probably be many stone 
grinding mills replaced . 
Sears No. 7671 
Sears No. 7671 
Capacity of Grist Mills 
Wheat 
Coarse grind 
Fine grind 
32 .5 lbs. per hour 
19 .5 lbs . per hour 
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VI. THE EDUCATIONAL PROGRAM 
"Chinese scholars have always been bookish and cared little for the lot of the 
farmer .11 
11There is no caste system in China, but we have a few rich at the top and 
millions of very poor at the bottom .11 
ln these two sentences Dr. James Yen, China 1s distinguished 11human engineer", 
graphically marks out the great social and economic problem--an aristocracy 
of erudition and wealth supported by an illiterate and impoverished peasant 
host. 
His terse words encompass the immediate and urgent problem of education 
and the vital need !or a realistic system of useful education- -with less rever -
ence for antiquity and more appreciation of the practical- -a system which 
will pervade and become the s inew of the rural communities, three-fourths of 
all China . 
Also, his statements reveal the great opportunity for agricultural engineering 
education, which considers the well-being o f the farmer as its primary and 
principal objective, 
During the past fifty years Chinese agricultural leaders have surveyed and 
constructed educational highways which lead from peasantry and subsi stence 
farming to modern, profitable agriculture. Through these five decades or 
more, agricultural scientists, teachers, technicians, and patriotic citizens 
have established agr i cultural colleges, schools, research bureaus, experiment 
stations, demonstration farms , and extension departments. In spite of finan-
cial handicaps, inadequate equipment, and tragedies of internal military strife 
and world war , such agencies have functioned steadily and have begun the 
grand assault on the basic problem emphasized by Dr. Yen. 
It is no discredit to these pioneers in modern education that thei r work has 
not yet reached full fruition . The change from centuries of tradition to modern 
techniques must be slow, especially when such a change is opposed and re-
stricted by tremendous pressure of population on the land. Nor should the 
many contributions of China to the world's agriculture be overlooked, Instead, 
they should be gratefully acknowledged by western peoples , 
The members of the Committee on Agricultural Engineering were cordially 
welcomed by all the i nstitutions which they had the opportunity to visit. They 
were recei ved into a direct working relationship with three of China's leading 
agricultural education agencies , 
I, The National Agricultural Research Bureau 
2 . University of Nan king 
3 . National Central University 
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The educational function of the Committee was broad in scope; it included 
training personnel for all the various phases of agricultur·a1 engineering, the 
development of curricula, laboratories, facilities, and equipment, and estab-
lishing working relationships with other agricultural agencies and engineering 
colleges. And, as a secure foundation, the Committee sought to interpret and 
emphasize to community, state, and national leaders the meaning and vital 
significance of agricultural engineering. 
Early activities of the Committee consisted of visits to farms and farmers of 
various regions in central and northern China, conferences with deans and 
staff members of several colleges of agriculture, inspections of the college 
farms, laboratories, and facilities, meetings and discussions with students, 
and more formal conferences with government officials, bankers, and busi-
1, Kinds of Training Needed 
As a result of the helpful information and counsel obtained and observations 
made during the preliminary period, the Committee felt better able to judge 
the kinds of training in the field of agricultural engineering likely to be most 
important. These essential types of training were classified as follows: 
I. Farm mechanics and machinery and tractor operators. 
2. Farm operators and machinery managers. 
3 . Agricultural engineers. 
The Chinese mechanics at the three institutions named above, especially the 
blacksmiths and carpenters, were found to be remarkably skillful with their 
native tools, in jobs to which they were accustomed . But as mechanical farm 
equipment had been used very little in China, such mechanics and their 
apprentices have had no opportunity to become familiar with modern farm 
machines. Their experience was confined to the maintenance and construction 
of hand tools and simple animal-drawn implements. However, the manual . 
skills thus acquired proved to be a good background and foundation for work 
with more modern equipment . It was fortunate also that these mechanics, as 
well as agricultural engineering students, instructors, and staff members, all 
had the opportunity to take part in assembling the Harvester Project machinery 
upon its arrival. This work gave them all a basic experience and an under-
standing o f machinery construction which proved to be of great practical 
value. 
Most of the mechanics and their apprentices soon showed real aptitude for 
operating the machines in the field. Nearly all of them were born and raised 
on the farm--a matter of interest and importance, as the s ucces sful introduc-
tion and use of farm machinery in China will depend to a large extent upon 
securing good operators and service men. Field operation and maintenance 
are complementary activities. Capable mechanics, with.a farm background, 
form a class of men who can make most easily the transition to the field 
operation and maintenance of modern equipment. 
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The work of the Committee in training mechanics and operators will be re-
ported more fully in Section V . It will suffice to say here that emphasis was 
placed on activities with which the y had little or no previous experience, such 
as field operations, which is essential to service work, the use of new tools 
and shop equipment, practice in oxyacetylene and electric welding and, 
through our Chinese colleagues, translation into Chinese of the more import-
ant sections of the operator's and service manuals. 
In addition to the purely mechanical phases of farm equipment use there are 
important phases of management which are basic to the economical use of 
the equipment. Not only must the mechanical operation be eHicient, but the 
equipment must be selected and used in such a way as to contribute to the 
economical production of crops . This requires that farm operators and 
machinery managers have a practical knowledg e of crops and all of the oper-
ations of production from seed bed preparation to harvest, storag e, and 
marketing, 
To gain basic experience in such a profession--for it warrants the term 
11profession 11 - - qualified persons were given opportunity to confer with the 
various departments at the Bureau and agricultural colleges and then to 
designate the particular equipment to be used in performing the necessary 
field operations for such departments. Thus they assumed responsibility for 
the managerial as well as the mechanical aspects of farm equipment use, 
The importance of this type of agricultural profession is clearly recognized 
at the University of Nanking where, in the fall of 1947, a new two - year cur -
riculum for farm operators was offered . This program is organized within 
the Rural Leaders Training School and is intended to prepare students from 
rura l districts to operate £arms more successfully and profitably, Special 
emphasis is placed upon increased production per worker through the effec-
tive use of equipment. Further reference to this excellent program will be 
made in the section on the University of Nanking, 
No doubt the best opportunity for the development of managerial ability was 
afforded by the research project carried on cooperatively by the Agricultural 
Engineering Department of the Bureau and the Central Training Corps (See 
Sections IV and V) . This research project in crop production involved many 
problems and decisions of machinery manag ement. Staff members and oper-
ators of the Agricultural Engineering Department of the Bureau, the farm 
mc1.naa e r of the Central Training Corps, and some of his better qualified farm 
workers all had firsthand experience in the selection and use of equipment 
for specific field operations throughout the complete cycle of crop production . 
A l though the project was supervised by members of the Committee, the per-
sons referred to assumed much of the responsibility for its progress . When 
the Committee left China, it appeared that the work would be continued without 
difficulty, as the personnel had become quite proficient. 
As a result of such training , two of the persons referred to have been em -
ployed as manager s of farms of considerable size which are well adapted to 
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the use of machines and mechanical power. There are many similar opportun-
ities for farm operators and machinery managers. 
Although substantial developments in this manager-directed type of farming 
may be delayed by the present unsettled conditions, the profession of farm 
operator-machinery manager is one of promise and opportWlity, Progress 
toward a more general use of modern equit-iment and engineering techniques 
may come through the example and success of a few individuals who farm a 
large acreage with few men. 
And when the pattern of this finally emerges for the successful use of farm 
equipment in China it is likely to require more cooperative ownership and 
custom operation than in countries having large farms. If so, capable farm 
operators and machinery managers will be a first essential. 
c. Training agricultural engineer s 
There has been an active interest in agricultural engineering in China ever 
since Dr , P. W. Tsou first began teaching subjects in this field in 1917, at 
National Central University. In those early years, much impetus was g iven 
to education in this new profession by Dr. C. W, Chang, Dean of the College 
of Agriculture and Forestry, and Dr. C, W. Riggs, Head of the Division of 
Agricultural Engineering at the University of Nanking . Not only are they 
pioneers in this field of education but both are still active workers in it. 
Although agricultural engineering subjects had been offered for a number of 
years prior to the arrival o f the Committee, neither National Central Uni-
versity nor the University of Nanking had es,tablished departments of agri-
cultural engineering. At both institutions instruction in this fi e ld was 
organized as a division within the departments of Agronomy. However, 
National Central had developed a professional curriculum and had secured 
the official approval of it from the Ministry of Education, This curriculum 
was prepared while the University was still at its wartime location in Chung-
king and the Committee was pleased to learn that news of its coming to China 
facilitated the development and approval of the curriculum--the first in 
China. 
The Committee assisted these two institutions in their resident instruction 
and furnished each with a substantial amount of shop and laboratory equip -
ment, including handtools, garden implements, garden tractors, field 
machines, and farm tractors , 
Several conferences were had with the deans, professors, and instructors, 
and with the Minister of Education. Dr,], B, Davidson, Chairman of the 
Committee, held an appointment as adviser to that Ministry. As a result, 
some suggestions were made and accepted, whereby the number of credit 
hours--in some instances more than 25 per semester --were reduced, thus 
enabling students to concentrate on more vital subjects. Later, the Harvester 
Fellows reviewed the work and made additional helpful suggestions . 
The curriculum thus established has served as a sample and guide to other 
Chinese colleges now about to establish departments of agricultural 
engineering. Although the subjects included are such that the curriculum 
might be found suitable in the United States, it probably requires further 
change and modification to fully meet the problems peculiar to China. 
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Agricultural engineering is a new profession, even in the United States. It is 
even more recent in China. The concept of a professional person managing 
and 11engineering" crop production seemed entirely novel to some of our col-
leagues. Many conditions are different in China . It may be that Chinese 
agricultural engineers should have training in the development and organiza-
tion of rural industries, rural sanitation, organization and management of 
certain kinds of rural cooperatives, construction of farm-to-market roads, 
improving farm hauling and transportation methods and equipment, and the 
management of organizations for custom operation and the community use of 
modern farm equipment. 
One definite need is that of providing opportunity for students to get adequate 
time for field practice and use of mechanical equipment. Nearly all have had 
no such experience. 
2. National Central University, Nanking, China 
Curriculum i n Agricultural Engineering Department 
FRESHMAN 
fiill semester 
Principles of Government .• 
Chinese , •... . , • , • , .•. 
Freshman English . , •.... 
Differential & Integral 
Calculus •...•.•...•. 
General Physics .. . ....•. 
Descriptive Geometry. , . .• 
Forging . ... . .•...•.. , 
General Concept of 
Agriculture . , . , , , . .. . 
Farm Practice. , , , .. ... . 
Military Training .. . .... . 
Physical Education. 
Total 
SOPHOMORE 
Mechanism . . .. . • . •. , . • 
Applied mechanics . . , . , , . . 
Materials of Construction .. 
Empirical Design ..... . .• 
Machine Tool Work. ... . . , 
Pattern Making , ....• . .. 
Differential Equations ..... 
General Chemistry. , • , , . • 
Physical Education ...••.. 
Credits 
I 
3 
3 
21 
Total 21 
Second semester Credits 
Principles of Government. . l 
Chinese . • , . . . . . . • . . . . 3 
Freshman English, . . . . . . 3 
Differential & Integral 
Calculus . . . . , .•.•... 
General Physics •.•.•.. , 
Mechanical Drawing • .. , •• 
Foundry . , , . , . .••. , .. 
General Concept of 
Agriculture .•. , . , .. , , 
Farm Practice , ..• , •. , . 
Military Training •...•.• 
Physical Education . ..•.. 
Total 21 
Mechanisms. , . •• •. , . , . 
Strength of Materials. , . , . 
Machine Drawing . •• , •.. 
Surveying .....• , . .••• 
Heat Power Engineering ... 
Machine Tool Work . . . , .. 
Pattern Making .. , ..... . 
General Chemistry ...•.• 
Physical Education , , , . , . 
Total 19 
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JUNIOR 
First semester Credits 
Heat Power Engineering .• , --3-
Machine Design , • . , , . . , . 2 
Testing of Materials, , ••. , l 
Hydraulics , , , ••. , . , . • . 3 
General Horticulture •• , . . 4 
Electrical Engineering , .. , 3 
Farm Shop .. . , , ..• ·. . . • 3 
Crop Production . • . . . • . . 3 
Physical Education. , • • . . . 
Total 
SENIOR 
Farm Structures 
Electrical Engineer ing Lab . 
Soil and Water Conservation 
Repair of Farm Machinery . . 
Farm Power. , • . , . . ..• . 
Soil and Fertilizers . •.•.• 
Agricultural Engineering 
Seminar .. , • , .... . . , . 
Thesis . . .•• , .•..... • . 
Physical Education •. , , .•• 
Total 
22 
18 
Second semester 
Machine Design, . , . , . , , , 
Heat Power Engineering Lab 
Farm Machinery, . , , •. , . 
Electrical Engineering ••.• 
Advanced Farm Shop . , . , , 
Agricultural Economics • , , 
Animal Husbandry or 
Forestry • . , . . •. • • .. , 
Crop Production , .• • • , , . 
Physical Education , , , ••• 
T otal 
Farm Power II .. . . . , .. . 
Rural Industry • . . . •. , •• 
Dairy Machinery ••. , .• . . 
General Plant Pathology or 
Entomology .. .•• , . •. , 
Agricul tural Engineering 
Seminar .• .• .. , •. . .• 
Thesis .• , • . , . , . , •• • •• 
Physical Education , • , . , . 
Total 
3. The University of Nanking 
G.lls!ili 
2 
1 
3 
3 
3 
3 
21 
15 
The College of Agriculture and Forestry of the University of Nank:ing, a 
private institution supported largely by American missionary interests, is 
the oldest and one of the largest agricultura l colleges in China. It was 
founded in 1914 and has enjoyed a steady growth ever since, Many of its 
graduates continued their studies in the United States and returned to China 
to become leaders in agricultural reseeirch and education, serving in all 
parts of their country. 
In many fields the University of Nanking has been an important agency in 
improving cultural contacts between the east and west; in agricultural 
education especially, it has not only rendered the vital pioneer service but it 
has, and still does, provide well-trained personnel to carry on and extend 
scientific agriculture throughout the whole nation . 
Or. Y, K, Chen is President of the University, and Dr. C. W. Chang is Dean ol 
the College of Agriculture, 
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a, Agricultural engineering~ and curricula 
lnstruction in agricultural engineering has thus far been organized as a 
division in the Department of Agronomy, Recently, however, the College 
submitted to the Ministry of Education a curriculum based on that given 
above, and requested approval of full department status for agricultural 
engineering, The Committee believes that such a status will be granted in 
the near future. 
Dr, C. W . Riggs serves as head of the division and has contributed signifi-
cantly to the development and appreciation of agricultural engineering 
throughout more than a quarter of a century. Kenneth S. Wu (Harvester 
Fellow) was appointed assistant professor upon his return from the United 
States in September 1948. Mr. Wu had previously served as an instructor. 
Mr . T. Y . Chang acted as head o{ the division during part o{ 1948, when Or. 
Riggs was called to Shanghai to serve with the National Agricultural Engi-
neering Corps. Professor E. L. Hansen, o{ the Committee, acted as head of 
the division prior to his return to the United States in March 1948. The staff 
includes several well-trained assistants and capable mechanics , 
Students following the curriculum in agronomy may major in agricultural 
engineering. In the fall of 1947 there were four such majors. 
At that time the new two-y~ar program for farm operators was offered and 
32 students enrolled for it, This program has the enthusiastic support of 
Dean Chang, and it appeared to the Committee that such courses will fill a 
real need of Chinese agriculture, It is a movement and development which 
should aid in bridging the gap between agricultural science and its actual 
application to the farm. 
Students show an active interest in agricultural engineering and for some 
years have maintained a society to foster and extend interest in this work, 
Members of this Committee were guests at a meeting of this society in 
October 1948 . Membership at that time was over thirty , The program, 
which included a showing of the film 110ne Man Harvestingtt, was arranged and 
conducted by Kenneth Wu (Harvester Fellow). 
b. Facilities, buildings, farms, laboratories, equipment, etc. 
The Agricultural Engineering Division is located on the main campus of the 
university. Its shops and classroom buildings are adjacent to each other and 
near a small field which affords opportunity for practice in the primary stages 
of tractor and machinery operation and adjustment--although this !ield is too 
small for actual farm practice, 
A considerable portion of the shop space is occupied by a fairly well equipped 
machine shop, which at present is leased to a commercial concern, although 
still under general supervision and control of the division . Several advan-
tages accrue from this arrangement; students have opportunity to use and 
become familiar with machines.and the company makes up implements and 
farm equipment designed by staff members and performs some maintenance 
operations for them. 
Ill 
Fig . 68 Sophomore Agricultural Engineering majors , fall 194 7 , 
University of Nan king , 
Fig._69 Agricultural Engineers Club, University o f Nanking, 
fall 1948, organization meeting. About twenty old 
members, Dean Chang and other faculty members 
attended. 
Fig. 70 Interior of shop, University of Nanking, before renova-
tion, Earth floor, corrugated metal building. 
Fig. 71 Same shop after renovation. A new concrete floor was 
laid and the farm equipment arranged . In addition, a 
quonset building was under construction , 
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Shortly after his arrival, Prof. Hansen remodeled and redesigned a shed - type 
building and fitted it for a farm machinery laboratory, With student partici-
pation he put in a suitable concrete floor, repaired the roof, and improved the 
lighting so that the building became well adapted for the exhibit and study of 
the new farm equipment £urnished by the Harvester Project. 
During the Callo( 1948, materials were secured and construction started on a 
new main building for agricultural engineering. This will be a quonset type, 
approximately 30 by 60 feet. The ·location is such that this main building will 
dominate the e ntire setting but g ive easy access to all o( the existing struc -
tures . When completed, building facilities should prove thoroughly adequate 
for work of the department. 
The College of Agriculture has five £arms, located a short distance outside 
the wall of the city C"f Nanking, including about 600 acres in all. During the 
Committee 1s visit. h the early spring of 1947, the crop program for that 
year was as follows: 
66 acres, wheat--to be harvested by June 1. 
I 00 acres, cotton- -to be planted by May l. 
12. acres, tobacco--to be transplanted by June 1. 
15 acres, corn - -to be planted in early June, 
7 acres, rice--to be transplanted a(ter wheat harvest, 
7 acres, vegetables- - almost year -round production, 
2. acres, broad beans--to be harvested early in May. 
66 acres, soy beans--to be planted in early June, 
l acre, white potatoes--planted late in March , 
In addition to these farms, the Univer sity of Nanking also has 3500 acres of 
forest lands. Agricultural extension and experimental work is facilitated 
and applied through five experiment stations, eight cooperating stations, and 
twelve seed centers. 
The major objective o( these centers is the production of high quality seed 
and improved variety of seeds . In twenty years they have produced thirty-six 
improved strains of eight leading crops. 
Much of the land in the five farms near Nanking is rolling or hilly; the £arms 
are situated near the foot of Purple mountain. A considerable portion of the 
hilly land is now occupied by graves, which the college is not permitted to 
remove . Prior to the war there were many trees, but these were all cut 
down by the Japanese. 
The 40-acre vegetable farm is operated by the Department of Horticulture . 
Produce is taken into the city each day and sold at a market on the main 
campus--a market greatly favored, especially by foreign residents . Not 
only are the vegetables fresh and of high quality, but they are grown through 
the use of commercial fertilizers rather than night soil. 
The Committee visited these (arms several ti.mes and participated in confer-
ences with college professors and staff members who are planning for the 
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revision and improvement of the system of farm management. The discussion 
related to two questions : 1, How to use these farms to the best advantage and 
in accordance with the principles of land utilization; 2. How to increase the 
efficiency of the workers. (This second problem was assigned to the Agricul-
tural Engineering Division.) 
The whole problem is complicated because the farms must serve several 
districts and separate purposes, among which are the following : 
1. As an experiment and research station--probably under supervision 
of the Department of Agronomy, 
2 . Increasing seed of improved varieties. This also would probably be a 
project of the Department of Agronomy. 
3, A management demonstration farm (where profit is to be a major 
objective) . 
4, Determining crop-production e££iciency and costs of various classes 
of farm equipment, such as hand tools, animal-drawn implements, field 
machines, garden tractors, farm tractors. This would be a research project 
for the Agricultural Engineering Division , 
Not the least important of the educational facilities afforded agricultural 
engineering is the division of Visual Education of the university. It is well 
supplied with modern projection equipment, classrooms, a large film 
library, equipment for developing and processing . Perhaps nowhere else 
in China has there been such a substantial development in this important 
educationa l medium . 
4, National Central University 
National Central University, located near the center of the city of Nanking, is 
the largest in China, with a current enrollment of nearly 5000 students, who 
come from all parts of the country, It was founded in 1915 by the union of 
Southeastern University and Nanking Educational College . It is a government 
institution, and purely Chinese, There are a few foreigners on the faculty; 
during Mr. Stone's service there he was the only American professor. 
Most of the professors and many of the assistant professors have studied 
abroad. All the students study English for at least six years before entering 
the University and continue this study during one or two of their college 
years. Although they read and write well in English, most of them speak it 
hesitantly and have difficulty in fully understanding a lecture given in English. 
They seem very anxious to improve their command of this language and con -
sider the ability to converse in English a valuable asset. 
The University functions under the jurisdiction of the Mjnistry of Education 
and comprises the Colleges of Natural Sciences, Social Science, Literature, 
Education, Engineering (Mechanical, Civil, Chemical, Aeronautical, 
Electrical, Hydraulic, Architectural), Medicine, and Agriculture . Dr. H. C. 
Chow is President of the University, and Professor C. S. Lo, formerly dean 
of the College of Agriculture, is now dean of the University faculty. 
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The College of Agriculture is located at Ting Chia Chiao, some two miles 
from the main campus, but inside the city wall. Professor T. L, Tsou, a 
graduate student of the University o f Minnesota, is the dean o ( the college, 
which includes the following departments: 
l, Agricultural Chemistry 
2. Agricultural Economics 
3. Agronomy- -including Q.ivisions of Crops, Entomology, and Plant 
Pathology 
4, Animal Husbandry 
5. Forestry 
6 . Horticulture 
7, Veterinary Science 
8 . Agricultural Engineering 
Dr. P. W. T sou was the first Dean of the College o f A griculture and served 
from the date of its founding, in 1917,to 1926 . During that period he initiated 
and taught a course in farm machinery, 
There has been an underlying interest in agricultural engineering and modern 
farm equipment ever since D r. T sou first introduced this subject. But due to 
the difficulties caused by the war, progress has been slow. However, a course 
in farm machinery has been required of the seniors in agronomy for many 
years past. 
The development of the curriculwn and its present content has been referred 
to above. Three of the Harvester Fellows were appointed assistant pro-
fessors and are serving a s indicated: 
1. T sui, Ying-An (Emerson)- -acting head of department, courses in Farm 
Structures, Farm Machinery (elective course for seniors o f College of 
Mechanical Engineers) 
2. Wu, Chi-Ya (Charles)- -Soil Conservation for A gricultur a l Engineers, 
Farm Machinery (an e l ective course for seniors of Agronomy) 
3 . Kao, Liang Ren--Repair o f Farm Machinery and Farm Power (both are 
courses for agricultural engineering senior s) . These two courses were 
formerly taught by Mr. Stone but wer e conducted by Mr. Kao when the Com-
mittee left Nan king. 
The sta ff will soon be increased by the return of Mr. Chiang , Yao, who has just 
completed his graduate study in Agricultural Engineering at Iowa State College. 
Mr. Chiang has taught farm machinery at National Central for several years 
and is primarily responsible for the deve lopment of agricultural engineering 
there, and for the initial steps in preparing its curriculum. 
In addition to the above, the department is fortunate in having the services of 
Mr. C. C. Chien as instructor in farm shop subjects. During the Committee's 
reside nce in China , Mr. Chien was especially helpful in the work at National 
Central University, 
In J uly 1948 , the Ministry of Education approved full department status for 
agricultural engineering. Dean T. L. Tsou then requested a detailed plan and 
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statement of future personnel and budget requirements. The major requests, 
which have since been approved, will bring the staff to the numbers indicated: 
Professors 
Assistant Professors 
Lecturers (rank of instructors) 
Technicians 
Two or three of the present senior class in agricultural engineering are 
expected to fill the positions of laboratory assistants, when they complete 
their course in July 1949. They will be able to render important service, as 
they had a considerable amount of fie ld training and experience in machinery 
operation under direct supervision of the Committee. Approval was also 
given to the new department for the use of a large shed adjoining the main 
agricultural engineering building and for the purchase of 40 acres of land to 
be used for a demonstration of mechani:z.ed crop production , 
a. ~.buildings, farms, laboratories 
The college at present owns five farms. Two of these adjoin the campus; one 
of about 30 acres is operated by the Agronomy Department; the other, of 
similar size, by the Horticulture Department. Both consist of level, well-
drained land, well suited to the use of machinery. A third farm of 300 acres 
is situated outside the south gate of the city. This was purchased prior to 
the war with the intention of moving the whole university to this new location. 
But such plans have since been abandoned and now it is desired to mechanize 
this large farm property, A fourth farm of 35 acres lies across the Yangtze 
river from Nanking. This is largely devoted to cotton production. Another 
of about 40 acres, located near Shanghai, is operated in cooperation with the 
Research Bureau as a rice experimental farm. 
Dean Tsou has offered to the department a :;mall Z.-acre plot, within the city 
of Nanking. The department is planning to operate this as a market garden 
and to demonstrate and use hand- propelled garden implements and garden 
tractors. 
An amazing amount of building construction is in process at the college of 
agriculture--a new agricultural chemistry building, student dormitories, 
hospital, faculty homes, and the repair of the many structures damaged by 
Japanese bombs. 
National Central University, being a government institution, was heavily 
bombed during the early days of the war, before the occupation of the city. 
Nank:ing University, about a mile distant, was not so seriously damaged. 
The Japanese considered Nanking University as an American institution and 
avoided it prior to Pearl Harbor and, after occupying the city, they did no 
more bombing. 
The Committee first visited the Agricultural College''" April 4, 1947 and 
found thH.t a large building was being repaired and remodeled for use as 
headquarters for the work in agricultural engineering. Members examined 
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the plans for this reconstruction work and suggested some slight changes, 
The building measures 55 1 x 135 1; heavy, wooden roof trusses were used so 
that no posts were required, which leaves all the floor space clear, Vertical 
sliding doors (8 1 wide x 9' high) are located both at the front and rear. 
The building was constructed by the Japanese and served as a depot for their 
heavy military vehicles during the occupation. Repairs and remodeling were 
completed and the building was occupied by the department in November 1947. 
The facilities afforded by this main building are quite satisfactory, There 
is ample working floor space, and the l Z available rooms will be used for 
offices, classrooms, carpentry shop, hydraulics laboratory, tool and supply 
room, and servants 1 room. 
Three large, vertical sliding doors in the front permit easy entrance of 
implements. One lar ge center door at the rear gives access to a quarter -
acre field immediately adjoining the building. This field has been cleared of 
all rubbish left by the Japanese--among such debris the students dug up a 
Japanese trench mortar--and now it provides an excellent facility for testing 
and adjusting implements, practicing in tractor operation, and also some 
space fo'r crop production . 
A small lake or pond adjoins one end of th"' building , and. adjacent to it is a 
small water tower. This will be useful ii'\ water pumping studies and related 
problems. A hydraulics laboratory is accordingly located in the corner of 
the building nearest this tower. 
The previous inadequacy and lack of equipment for teaching agricultural 
engineering in China is typified by the following inventory of native equipment 
which was given the Committee at the beginning of its work at National Cen-
tral University . It should be realized that this institution, one of China's 
largest, probably had more equipment than most other colleges giving in-
structions in the field. Although much of their property was lost or destroyed 
during the war, the total would still be quite insufficient. 
I, For use with hand and foot~power 
spade 
spading hoe 
swing hoe {for plowing) 
light hoe 
grass sickle 
grain sickle 
rice thresher (introduced by Japs) 
night soil bucket 
wooden ladle 
water pail 
root rake 
roller gin 
sprayer {knapsack type) 
cotton g.in (roller type--foot treadle) 
cream separator 
Fig. 72 Part of Agricultural Engineering Building at National 
Central University, 
Fig. 73 Front entrance to farm machinery laboratory, Agricultural 
Engineering Building, National Central University. 
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2. For use with animal power 
moldboard walking plows (perhaps 25 in all- -built in China, after 
American patterns) 
spike-tooth harrow 
5-tooth cultivator 
corn and cotton planter--donated by Harvester in the 1920's 
corrugated stone roller (for "threshing) 
Today, however, as a result of the contributions from the Harvester Project, 
together with some accessions of UNRRA items, the laboratory equipment 
compares favorably with that of many institutions in the United States. 
Among the principal i tems o f shop and laboratory equipment are the 
follo'Wing: 
pick-up truck 
farm tractors 
tractor disk harrows 
tractor spike tooth harrows 
mounted tractor cultivators 
mounted tractor planter 
tractor plows, one mounted, one drawn 
5-foot Harvester-thresher (combine) 
tractor-drawn spring - tooth harrow 
grain drills 
4 garden tractors - -attachments include moldboard and rotary plows, 
garden seeders, cultivators, harrows, sickle bar mowers, and 
power take-offs 
Rototillers--with rototiller plow and grader attachments 
horse-drawn disk harrow 
horse-drawn spring tooth harrow 
horse-drawn corn planter 
horse-drawn cotton planter 
broadcast seeder 
3 H.P. centrifugal pumps 
l H.P. gasoline engine 
small concrete mixer 
hand-propelled wheel hoes 
hand-propelled seeders 
hand-operated sprayers 
hand-operated dusters 
hand-operated flour mill 
hand-operated grist mill 
hand-propelled fertilizer distributors 
l complete assortment of hand garden tools, such as rakes, forks, 
hoes, and shovels 
Included in the shop equipment are several complete sets of metal-working 
tools, carpentry tools, forge and anvil, an oxyacetylene welding outfit, 
upright drill press, post drill, and electric-driven jointer, 
Fig. 74 Interior view of farm machinery laboratory, National 
Central University . 
Fig . 75 Group of Agronomy students at National Central University 
study farm equipment. 
131 
132 
A projector for slides and film strips is also available for department use. 
A similar list of equipment has also been supplied to the University of 
Nank.ing . 
As a result of the Harvester Project and all of its various phases , National 
Central University and the University o f Nanking are well prepared from the 
standpoint of trained personnel and modern equipment, to be leaders in the 
progress of agricultural engin eering education. 
b. Courses EJ ~and student enrollment 
The courses offered during the college year 1948 ~ 149 are listed below, In 
addition to courses required of agricultural engineers, elective courses are 
made available to students of the agronomy, horticulture, and mechanical 
engineering departments. 
Courses Offered by Agricultural Engineering Department 
National Central University 
1948-'49 
First Semester {September 1948) 
Farm Structures . ... , . , , 
Soil and water conservation. 
Repair of Farm Machinery , 
Farm Power I. , • , , .... . 
Agri, Eng. Seminar , . , .. . 
Thesis. 
Farm Machinery, .. 
F a rm Machinery .. 
Farm Shop . . , , .•.....• 
Senior A g ricultural Engineers •. 
Senior A g ricultural Engineers . 
Senior Agricultural Engineers .. 
Senior A g ricultural Engineers .. 
Senior Agricultural Eng ineers .. 
Senior Agricultural Engineers .. 
Agronomy Seniors .. . . 
Mechanical Engineers .•.•.... 
Agricultural Engineering Juniors. 
Second Semester (February 1949} 
Farm Machinery .. . , ..• , 
Advanced Farm Shop .. . . . 
F a rm Power 11 , , .. . ... . 
F a rm Electrific ation . ... . 
Dairy Machine ry .......• 
Thes i s .............. . 
A g ri. Eng . Seminar , , •. 
irrigation Practice. 
F a rm P ower and Machinery. 
Hor ticulture M a chine ry . . 
Agricultural Engineering Juniors. 
Agricultural Engineering Juniors. 
A g ricultural Engineering Seniors 
A g ricultural Enginee ring Senior s 
Ag ricultural Engineering S eniors 
A g ricultural Engineering Seniors 
A g ricult ural Engineering Se nior s 
Agricultural Engineering Seniors 
Mechanical Engineers . ...... . 
Horticulture Seniors .. ..... . . 
Total 
T o tal 
3 
3 
3 
3 
I 
l 
3 
3 
3 
TI 
3 
3 
3 
2 
2 
I 
I 
3 
3 
3 
Z4 
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At the opening of the semester in September 1948, there were six seniors in 
agricultural engineering and five juniors. Several graduate students also 
attended the lectures given in the senior courses . There were thirty-two in 
the elective course in farm machinery for students of the Agronomy Depart-
ment and ten in the course offered for mechanical engineers, At that time 
(September 1948), fifteen freshmen registered for the agricultural engineering 
curricul um. 
During the summer of 1948 six students received an eight - week course of 
training in bench work, through the cooperation of the National Agricultural 
Engineering Corporation at Shanghai. This practical, intensive training 
proved to be of great value and an excellent supplement to their collegiate 
study. 
1n October 1948 the students organized an Agricultural Engineering Club, 
e l ecting of£icers and preparing for a continuing program. Members of the 
Committee and their wives, department professors and instructors, and the 
dean of the college attended this interesting meeting. Eighteen students were 
enrolled in the club. 
Everyone interested in the Harvester Project is concerned about the future 
of agricu ltural engineering education in China, and whether the work begun 
by the Committee will be continued. 
When the Committee left China, (Emerson) Tsui, Ying-An, a Harvester 
Fellow, was appointed head of the Department of Agricultural Engineering at 
National Centra l . A letter from him awaited the Committee upon their return 
to Chicago, in which Prof. Tsui stated: 
"As you have laid down a solid foundation it is rather easy for us to 
follow your steps--we will do our best and we will not fail. This country 
is not your country, but the business here in this department is really 
your career. Any success we can make here is your success. You have 
helped us a lot so far, but we still want more help from you. We sin-
cerely hope you will keep in contact with us forever .11 
5. Other Institutions 
An excellent directory of China's educational, research, and experimental 
agencies in the field of agriculture is contained in Report No. l of the China-
U .S. Agricultural Mission, which is published by the Foreign Relations 
Division of the Deparhnent of Agriculture. The listings include national, 
provincial, and mission - supported stations, schools, and colleges. Most of 
these agencies are keenly interested in studying better farm equipment and 
methods and value highly all literature and descriptive matter on such sub-
jects. Nearly all are now coeducational. 
Several colleges of agriculture in the larger universities are in the process 
of establishing deparhnents of agricultural engineering. Most of them were 
visited by the Committee. 
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F ig . 76 Students spraying tobacco plants with ha nd sp r ayers, 
National Central Un i vers i ty , 
Fig. 77 Part of the spectators grouped around the f'lanet j r . 
garden tractor during demonstrations for Peoples 
Political Council visit to NARB, spring 1947 . 
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This is a national university near Peiping founded about 1936, Present en-
rollment is approximately 2300. Dr. Y, T, Tsur, Minister of Agriculture 
when the Committee arrived in China, was formerly its president. This in-
stitution, with many M.I.T. graduates on its staff, is outstanding in its engi-
neering colleges. _The college of agriculture, although of more recent 
development, has acquired considerable farm land, The department of agri-
cultural engineering should prosper here, because of its close connection 
with the colleges of agriculture and engineering. 
The college of agriculture is situated a short distance outside the wall of the 
city of Hang chow. Present enrollment in agriculture is about 300. The 
college buildings and campus are well centered among the fields and gardens, 
which facilitates practical field work for the students, 
Harvester Fellow Feng, Cheng San (Wallace) is in charge of agricultural en-
gineering instruction, with the rank of assistant professor. 
This Wliversity sustained severe war damage but has made a significant and 
admirable recovery. There is excellent opportWlity for progress in agricul-
tural engineering, 
This is suburban to Shanghai. Through the efforts of Prof, C, H. Chiang, an 
M.I.T. graduate, plans were being consummated for a department of agricul-
tural engineering. During the war period, while at ChWlgking, Pro£. Chiang 
was active in developing interest in this field. 
At Chengtu is one of the largest universities in China, During the war it 
accommodated several of the eastern universities, evacuated from their own 
campuses. The Committee visited the college of agriculture in December 
1947 and, through the courtesy of Dean Pan, the Committee members were 
given the privilege of addressing the students in agriculture--a group of 
several hundred . 
Instruction is offered in farm machinery and equipment, but the college has 
little laboratory equipment. As Szechwan was in 11free China" (unoccupied}. 
no UNRRA materials were allocated to this pro\o·.i.nce. 
This university is also located at Chengtu, in Szechwan Province, and is 
supported by a union of mission interests. The Comr.tlttee felt that western 
educational influences and methods were more evident here than at some of 
the other institutions visited. Visits to several classes and laboratories 
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indicated that the high quality of instruction work was in progress. Many of 
the departments of Nan king University found asylum here during the war, 
among them Dr. Riggs and his students in agricultural engineering. 
£. Peiping University 
Most of the colleges of this national institution are situated within the city; 
the college of agriculture, with some 400 students, is a short distance outside 
the walls, Some of the college buildings were formerly the palaces of princes 
and emperors. Laboratory equipment seemed to be above the average, and 
instruction was of high quality . 
Although not a part of the university, it seems well to mention here the Peiping 
National Library, the largest on the Asiatic continent. The Committee was 
cordially received here and greatly enjoyed a tour through this well-staffed and 
equipped depository of ancient and modern literature. 
This provincial institution has a twofold purpose: 
1. To train students to be field workers in agricultural experimentation, 
leaders in agricultural extension, and teachers in schools of agricul-
ture. 
2. To investigate and experiment on theories and methods of agricultural 
education. 
The college includes divisions of Agronomy, Horticulture, Animal Husbandry, 
Agricultural Economics, and recently added divisions of Home Economics and 
Visual Education, 
Dr. K. C. Tung assembled the student body and gave Committee members the 
privilege of addressing this alert and earnest group. The Comm.ittee feels 
that Dr . Tung and his colleagues have succeeded in building their institution 
into the life of the community which it serves . It appeared to be a 11grass 
roots 11 type of agency, with a large percentage of the graduates returning to 
serve rural communities from which they came, 
In this report it is impossible to note all the educational agencies that deserve 
special mention and consideration. China has real reverence for education 
and has many splendid schools, colleges, and universities. The problem of 
di££using education throughout all her tremendous population is so difficult 
that a large proportion must still be reached. Only during the present century 
has educational emphasis begun to shift from the academ.ic and classical to 
the practical and technical, 
The mass education movement started and fostered by Dr. Yen illustrates 
the major problem of educators in China--that of bringing education to the 
masses. No attempt will be made here to report fully on the importance and 
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progress of this vital work , but the Committee saw the program in action and 
wishes to emphasize its value. 
Within a radius of five miles from Pei Pei in Szechwan, eighty teachers, most 
of them serving without pay, were holding classes for some 12,000 students--
evening classes with adults in attendance, day classes for women and young-
sters who had never before had any formal schooling . Scholars and teachers 
have gone to rural areas not as professional teachers, but as students, and 
have really learned to serve, 
Dr. Yen states, "The Chinese farmer does practically everything for the 
cOWltry and practically nothing is done for him,11 
He marks out four aspects of the problem: 
l. llliteracy 
2. Poverty--many farmers are at the mercy of landlords 
3 . Oppression by the Hsien (coWlty) government 
4. Disease 
All of these are primarily problems of rural education. The mass education 
movement, begWl about 25 years ago, now has some 800 rural reconstruction 
and training centers. 
Dr. Yen's work in the establishment of rural industry cooperatives and in 
founding the University of Rural Reconstruction, Szechwan, is not as well 
known as is the Mass Education Movement. These cooperatives are proving 
their worth in the communities, raising the standard of living and the econom-
ic status of their members. 
More progress could be made and individual incomes could be increased , in 
Or, Yen 1s opinion, if by means of better farm equipment farmers would be 
able to spare time from their farms to work more in the cooperative facto-
ries. Hence, Dr , Yen is interested in progressive steps toward farm mecha -
nization, especially the manufacture of relatively simple items of farm equip -
ment which could be made by farmers themselves working in the factories of 
the local industrial cooperative. 
Training and practice at the University of Rural Reconstruction seeks to gear 
technology into the needs of the rural commWlities. 
6. Supplementary Educational Work of the Committee 
Schools, colleges, and universities cannot fWlction with foll effectiveness 
without the good will and support of the community, state, and nation. With 
this in mind the Committee used every opportunity to interpret and emphasize 
the significance of agricultural engineering and its inherent benefits. Through 
the mediums of field demonstrations, distribution of booklets, public addresses, 
magazine articles, conferences, moving pictures, and the like, these efforts 
were made. 
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A listing of some of the more impor t ant of such activities may be of interest. 
a, Field demonstrations and special exhibits Q.f farm equipment 
1. Demonstration--Tractor plowing and harrowing--for delegates from 
Peoples Political Council, at NARB, June 3, 1947. Attendance 300, 
2, Demonstration- - Mowing wheat with garden tractors--for Cotton 
Improvement Bureau. Attended also by army veterans, June 6, 1947. 
Attendance 60. 
3, Dernonstration- - Combining wheat for Cotton lmprovement Bureau, 
Attended also by army veterans, June 7, 1949. Attendance 70, 
4 . Demonstration of garden tractors- -for students and faculty of 
Nank:ing University, July 10, 1947. Attendance 100. 
5, Plowing demonstration, cement block making, and equipment 
exhibit--At Nanking University, November l & 2 . Attendance 1500. 
6 , Setting up and explaining construction of walking plows, wheel hoes, 
cement block molds - -FoT officials of Ming Seuing Co. at Chungking- -
December 10, 1947, Attendance 25. 
7. Demonstration--Mowing grass with garden tractor --at children 1s 
school near National Central University, October 1, 19'4 7. Attend-
ance 100. 
8. Plowing with I.H.C. walking plow- -at farm of N . K. Wang, Governor 
of Kiangsie Province. January 13, 1948. Attendance 15. 
9. Demonstration--planting cotton with I.H.C. one - animal-drawn cotton 
planter. Students of Agronomy Department of National Central 
University. Attendance 20. 
10. Demonstration- - Purnping water with 3 H.P. centrifugal pump near 
main campus of National Central University. April 18, 1948 . 
Attendance 850. 
11. Exhibit of farm equipment- - for delegates of the National Elections 
and Constitutional Convention, at NARB, May 2, 1948 , Attendance 
150. 
12. Exhibit--for delegates from Sinkiang Province at NARB, April 29, 
1948, Attendance 12. 
13. Exhibit- -"Engineering Day" at National Central University, June 6, 
1948. Attendance 400, 
14. Demonstration and exhibit--Double 10th, National Holiday, for 
visitors and alumni of National Central Uni v ersity, October 10, 
1948. Attendance 600. 
IS, Demonstration farm at Central Training Corps: ln addition to its 
primary value as a research project, this activity was almost a 
continual field demonstration. The fields were situated near a main 
highway and the operations were viewed by hundreds of interested 
spectators. 
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b. Conferences,~. published reports, etc. 
I. Weekly conferences were held with Dr . T. H. Shen, Director, and Or. 
F. C. Woo, Deputy Director of the National Agricultural Research 
Bureau, and also frequent conferences with the deans and faculty of 
the colleges of agriculture at the University of Nanking and National 
Central University . Such conferences were extremely helpful and 
beneficial to the work of the Committee, Valuable advice and 
guidance was received throughout the entire period from Mr, C. V. 
Schelke, General Manager, and other oHicers of Anderson Meyer & 
Co . , in Shanghai. 
2. Conference--American Ambassador j, Leighton Stuart and Owen L. 
Dawson, Agricultural Attachee, February 15, 1947. 
3. Conference--Minister of Education, Nank.ing, March 10, 1947. 
4. Round table--officials of Farmers Bank of China, C,N.R,R .A . , and 
Ministry of Agriculture, March 19, 1947. 
5. Conference--directors and officers of Agricultural Machinery Opera-
tions and Management office (AMOMO), March 23, 1948. 
6. Address--by Dr , Davidson, Nank.ing Rotary Club, April 3, 1947. 
7. Conference--manager and officials of Farmers Bank, April 10, 1947. 
8. Address - -by Committee members, Kiangsi Provincial College of 
Education, May 12, 1947. 
9. Address by Prof. Stone--Nanking Rotary Club, May 29, 1947. 
IO. Written report on Yellow river flooded area mailed to government 
departments and universities by Director Shen of NARB, June IO, 
1947. 
11 . Conference--Dr. P. W, Tsou, Vice Minister of Agriculture, Deans 
of agricultural colleges, May 30, 194 7. 
12 , Round table--Dr. Tai, director, and sta££ members of NARB at 
Peiping, August 13, 1947 and July 15, 1948, 
13. Addresses--Assembly of staff of NARB, Nanking 
Dr . Davidson, September 22, 1947 
Prof, Stone, October 13, 1947 
Prof. Mc Colly, November 17, 194 7 
14 . Address--College of Agriculture, National Szechwan University, 
Chengtu. All members of Committee. December 5, 1947. 
15 . Written report--11Harvesting Rice11 • translated into Chinese, 
December 194 7 . 
16. Conference--officials of Ming Seuing Co, and affiliates, December 
I 0, 1947. 
17. Round table- -officers of U .S , Army Advisory Group, January 21, 
1948. 
18. Addresses--College of Agriculture at University o[ Nanking . 
Dr . Davidson, Relation o[ Engineering to Agriculture . Printed in 
Chinese. October 7, 1948. 
Prof. Stone, April 8, 1948 . 
Prof. McColly, October 14, 1948. 
19 . Conference--manager and officers of National Agricultural 
Engineering Corporation, May 10, 1948. 
20. Address--Prof. Stone, Mechanization of Rice Production, at NARB, 
Nanking, May 27, 1948. 
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21. Conference--with Dr.James Yen, Nanking,June 15, 1948. 
22. Article (mimeographed) on agricultural engineering at National 
Central University, J une 20, 1948. 
23, Conference--Yen, Hsi-shan, governor of Shansi Province, and his 
agricultural staff, July 10, 1948. 
24 . Round table- - with oUicials of Shansi Provincial Bank, Peiping, 
July 13, 1948, 
25 , Conference -- Chu, Chi-chen, governor of Hopei Province, July 15, 
1948, 
26. Article - - 1'Mechanization of Rice Production11 , printed in Chinese in 
AMOMO NEWS, October 16, 1948. 
27. Conference--Minister of Agriculture of Tai Wan, December 12, 
1948, 
28 . Article-- 11Mechanization of Chinese Agriculture11 , prin ted in CHINA 
WEEKLY REVIEW, May 1948. 
7. Other Special Services 
A weekly seminar, unde r the supervision of Dr, Davidson, was organized and 
conducted du r ing most of the period, for the staff of the agricultural engineer-
ing department of the Bureau. 
All staff members participated and the Committee was gratified with the 
quality and completeness of their presentation, A brief of some of the topics 
discussed at some of the meetings fo1lows: 
Research techniques 
Outlining research projects 
Agricultural engineering curricula 
Sources of fuel for (arm motors 
Reports on phases of each research project 
Dr. Davidson also served as adviser to several Chinese government organiza-
tions, charged with the duties of allocating foreign aid funds to various agri-
cultural rehabilitation projects, among whiCh were the following: 
Advisory Committee to the Executive Yuan Committee on Agricultura l 
Relief and Supplies (EYCARS) 
Consultant to United Nations Food and Agriculture Organization (FAO) 
Adviser to the Joint Commission on Rural Reconstruction 
Prof. McColly served as adviser to the Joint Commission on Rural Recon-
struction on matters relating especially to irrigation and well drilling. 
Mrs. Davidson and Mrs, Mc Colly conducted classes in English for staff 
members of the Bureau, and Prof. Stone had similar classes for faculty 
members at National Central University. 
Fig . 78 Sears Bradley garden tractor mowing grass dur in g dem on-
stration at Chi ldren 's School, Nank:ing. 
Fig . 79 Delegates to the National Constitutional Conventi on in 
Nanking visit the agricultural machinery exhibi t at NARB . 
Farquahar power sprayer creates interest. 
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Fig. 80 Delegates from Sinkiang Province visit the agricultural 
machinery exhibit. 
Fig. 81 The Committee members, NARB staff member, and two 
members (on left) of Northwestern Industrial Co . , 
Tiayuan, confer with Governor of Hopei Province. 
I~ 
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VII. HARVESTER FELLOWSHIPS 
l. Selection of the Students for Fellowships 
The educational program in agricultural engineering for China, sponsored by 
the International Harvester Company, included as a principal part of the 
enterprise the establishment of twenty fellowships, These fellowships pro-
vided to the holders selected by competitive examination all expenses for 
three years of college and practical training in agricultural engineering in 
the United States. The Committee on Agricultural Engineering was not re-
sponsible for supervising this training and otherS have reported on its de-
tails. The Committee did assist in getting the program for the fellows 
started, and also contacted them when they returned to their homeland in 
June 1948, and this report deals for the most part With their employment. 
The holders of the I. H. fellowships were all very carefully selected by 
examination and a consideration of their scholastic records by the Chinese 
collaborators. Ten of the twenty were graduates from agricultural curricula 
of Chinese universities, and ten were graduates of engineering curricula. 
The agricultural graduates were sent to Iowa State College and the engineer-
ing graduates to the University of Minnesota . 
Z. Additional Technical Training 
The technical training outlined for the fellowship holders was first directed 
toward completing the requirements of the undergraduate curricula in agri-
cultural engineering at the two institutions mentioned above. This meant 
that the agricultural graduates of the Chinese institutions had a number of 
basic subjects in engineering to make up, and the graduates of the engineer-
ing curricula had general subjects in applied agricultural science to 
complete. 
After meeting the requirements of the undergraduate curricula, the students 
continued with graduate study and completed the requirements of their 
respective schools for a master of science degree. 
3. Practical Training on Farms 
As the fellowship students had had very little contact with mechanical 
equipment, an effort was made to supply experience of this kind on American 
farms. Although the Chinese students were very eager to operate tractors 
and Held machines, private owners of such equipment were very reluctant 
to let inexperienced operators handle the machines through fear of expensive 
accidents and delays. Colleges operating farms were in a better position to 
furnish practical work . 
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The following is a summary in complete detail of the practical training given 
to each of the Chinese students: 
Chi-Kao (Edward) Chang 
13 weeks 
2 " 
2 
10 
Iowa State College Farm, Ames, Iowa 
Visit to T .V .A . and Stuttgart, Arkansas (rice) 
Visit to North Carolina tobacco fields 
Course in farm equipment operation, Stockton, 
California 
Stockton Works 
Visiting several factories in Stockton, California 
32 weeks (Training discontinued April 16, 1948 because of illness) 
Cheng-San (Wallace) Fang 
3 weeks 
3 " 
2 
2 
1 
10 
30 weeks 
Seabrook Farms, Bridgeton, New Jersey 
I. H . Dealer, Spencer, Iowa 
Visit to I. H, Works, Chicago 
Visit to T .V .A. 
Soil Conservation Department, Washington, D,C, 
Course in farm equipment operation, Stockton, 
California 
Advance Pump Company, Berkeley, California 
Emeryville Works 
Berkeley Pump Company and Well Drilling, Berkeley 
and San Bruno, Cal. 
Hall-Scott Engine Company, Berkeley, California 
Hin-Cheung (David) Hoh 
11 weeks 
2 
2 
JO 
3 days 
25 ! weeks 
Iowa State College Farm, Ames, Iowa 
Seabrook Farms, Bridgeton, New Jersey 
I. H. Dealer, Spencer, Iowa 
Course in farm equipment operation, Stockton, 
California 
Ultra Cold Corporation, Los Angeles (Note: Left Los 
Angeles March 18 upon receiving telegram that his 
wife was seriously ill in Iowa City, Iowa, and did not 
return to California.) 
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Han-Yu (Alexander) Lee 
11 weeks 
4 " 
4 
2 
2 
2 
10 
44 weeks 
I. H . Farm, Hinsdale, Illinois 
Seabrook Farms, Bridgeton, New Jersey 
I. H. Dealer, Greeley, Colorado 
Oliver Farm Equipment Company, South Bend, Indiana 
U.S. Bureau of Reclamation, Denver (pumping station) 
Visit U.S.D.A., Washington; J. L. Allen, Syracuse; Ford 
Motor Company, Detroit; Allis-Chalmers, Milwaukee. 
Course in farm equipment operation, Stockton, 
California 
Gladden Products Company (small engines), Glendale, 
California 
Moss Well Drilling Company (manufacturing of equip-
ment and drilling), Los Angeles, California 
Chuan - Han (John) Tsai 
9 weeks 
5 " 
8 
10 
3 
51 weeks 
l. H. Farm, Hinsdale, Illinois 
Seabrook Farms, New Jersey 
I .H. Works in Chicago - McCormick, Tractor and West 
Pullman 
Ford Motor Company, Detroit, and Minneapolis -Moline 
Co., Minn. 
U.S.D.A. at Beltsville, Maryland, and Oxford, N . Carolina 
{tobacco); State experimental stations at Griffin, Georgia 
(peanuts); Florida {citrus); Louisiana (sugar cane); 
Mississippi (cotton); Arkansas (rice); T.V.A. 
Course in farm equipment operation, Stockton, California 
Adel Manufacturing Company (garden tractors), Hollydale, 
California 
Gladden Products Company (small engines), Glendale, 
California 
Ming-Kwang (Schubert) Tsu 
4 weeks 
10 " 
IO 
Z4 weeks 
Seabrook Farms, Bridgeton, New Jersey 
Course in farm equipment operation, Stockton, California 
Winpower Manufacturing Company, Newton, Iowa 
(windmills) 
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Ying-An (Emerson) Tsui 
4 weeks 
3 " 
JO 
3 
JO 
39 weeks 
Chi-Ya (Charles) Wu 
4 weeks 
J " 
l 
l 
JO 
10 
27 weeks 
Seabrook Farms, Bridgeton , New J ersey 
I.H. Dealer, Spencer, Iowa 
l.H. McCormick, Tractor, West Pullman Works 
Visit to U.S.D.A . , Washington; Allen Company , 
Philadelphia ; Ford and G.M.C., Detroit; Michigan 
State Colleg~; Wisconsin Steel Mill 
Course in farm equipment operation, Stockton, 
California 
Gladden Products Company (small engines), Hollydale, 
California 
Citrus Experimental Stations, Riverside, California 
Ultra Cold Corporation (food storage) , Los Angeles , 
California 
I.H. Works - West Pullman, Canton and East Moline 
Minneapolis-Moline Company Plant, Minneapolis 
Visit to T .V .A. 
U.S. Cotton Ginning Laboratory at Stoneville, 
Mississippi, and Rice Laboratory at Stuttgart, Arkansas 
Course in farm equipment operation, Stockton, 
California 
California Cotton Oil Company, Fresno, California 
Siang - Kan (Kenneth) Wu 
10 weeks 
8 " 
6 
z 
l 0 
I 0 
5 5 weeks 
Iowa State College L Bailey Farms , Ames, Iowa 
Seabrook Farms, Bridgeton, New Jersey 
I.H. Dealer, Dunn , North Carolina 
I.H. Dealer, Stuttgart, Arkansas 
Vi s it to I.H. Works in Chicago, East Moline and Canton, 
Also plant in Cleveland, Ohio 
Union Fork and Hoe Company, Colwnbus, Ohio 
U.S.D.A. stations at Stoneville, Mississippi; 
Crowley, Louisiana , and Stuttgart, Arkansas 
Cour s e in farm equipment operation, Stockton, 
California 
Unive r s ity of California, Davis, California (practical 
a g ricultural engine ering methods ) 
You-Tai (James) Yu 
a weeks 
4 " 
5 
4 
I 
10 
47 weeks 
Ke -Tso (Henry) Li 
a weeks 
11 " 
6 
I 
I 
10 
10 
Si weeks 
Iowa State College Farm , Ames, Iowa 
Private farm, Nevada, Iowa 
Seabrook Farms, Bridgeton, New Jersey 
I. H. Dealer, Hampton, Iowa 
Visit to Ford Motor Company, Detroit, and 
Minneapolis-Moline Company, Minneapolis 
Visit to Pennsylvania, Maryland, North Carolina, 
South Carolina, Georgia, Tennessee, Alabama, 
Arkansas. (Tobacco, cotton, rice, T.V.A., sweet 
potatoes, peanuts) 
Course in !arm equipment operation , Stockton, 
California 
Adel Manufacturing Company {garden tractors), 
Hollydale, California 
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Gladden Products Company (small engines), Glendale, 
California 
Unive rsity ol Minnesota, Waseca, Minnesota 
I . H. Dealer, Kearney, Nebraska 
Worthington Pump Company, Harrison, New Jersey 
Visit to T.V.A. 
State Forestry Station, Cloquet, Minnesota 
3 plants in Minneapolis, Minnesota 
A.S.A.E. Meeting, St . Louis , Missouri 
A .S .A.E. Meeting, Philadelphia, Penna. 
Course in farm equipment operation, Stockton, 
California 
Palestrini, Truck Gardener, Fresno , California 
Sin-Yuan (Walter) Sway 
10 weeks 
4 " 
6 
I 
10 
10 
47 weeks 
University of Minnesota Farm, Crookston, Minnesota 
Seabrook Farm, Bridgeton, New Jersey 
I . H . Dealer, Stuttgart, Arkansas 
Minneapolis -Moline Company, Minneapolis 
Visit to T .V .A. 
State Forestry Station, Cloquet, Minnesota, and 
several plants in Minneapolis 
A.S.A.E. Meeting , St. Louis, Missouri 
Course in farm equipment operation, Stockton, 
California 
I. H . Refrigeration Dealer, Hayward, California 
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Ding-Lai (Peter) Tao 
12 weeks 
6 n 
3 
10 
10 
50 weeks 
Teh-Chao (Joe) Tseng 
12 weeks 
}Q II 
12 
10 
10 
54 weeks 
University of Minnesota Farm, Morris, Minnesota 
I . H. Dealer, Dunn, North Carolina 
I. H., lndianapolis Works 
Visit to North Carolina, South Carolina, Georgia, 
Florida, Alabama (tobacco, cotton, peanuts) 
Texas, Mississippi, Alabama (cotton) 
Course in farm equipment operation, Stockton, 
California 
California Cotton Oil Company, Fresno, California 
University of Minnesota Farm, Morris, Minnesota 
I. H, Dealer, Donaldsonville, Louisiana 
I. H., Canton and East Moline Works 
Course in farm equipment operation, Stockton, 
California 
Adel Manufacturing Company (garden tractors), 
Hollydale, California 
Teh-Chung (Thomas) Chang 
10 weeks 
6 n 
6 
10 
43 weeks 
University of Minnesota Farm, Crookston,Minnesota 
I. H. Dealer, Buffalo, Minnesota 
I. H, Dealer, Milwaukee Works 
Inspection trips to T .V .A.; I. H. Milwaukee and 
McCormick Works; Ford, Detroit; various Minneapolis 
factories 
Course in farm equipment operation, Stockton, 
California 
Advance P ump Company, Berkeley, California 
Emeryville Works 
Berkeley Pump Company and Well Drilling, 
Berkeley and San Bruno, California 
Hall-Scott Engine Works , Berkeley, California 
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Sheng-Tau (Robert) Chen 
8 weeks 
3 " 
2 
1 
6 
10 
40 weeks 
Pei-Chung (James) Hsu 
l 0 weeks 
8 " 
1 
2 
2 
23 weeks 
University of Minnesota Farm, Morris, Minnesota 
Minneapolis -Moline Company, Minneapolis 
Visit several plants in Minneapolis and St. Paul 
T.V.A. 
I. H. Dealer, Stuttgart, Arkansas 
Course in farm equipment operation, Stockton, 
California 
Stockton Works 
Bay Cities Equipment Company, Oakland, California 
(lnd. Power Dealer) 
Emeryville Works 
University of Minnesota Farm, Crookston, Minnesota 
I. H. Dealer, Winona, Minnesota 
Caterpillar Tractor Company, Peoria, Illinois 
U.S .D.A. Research Laboratory, Pe9ria, Ulinois 
Paper and wood conversion plants, Cloquet, Minnesota 
Liang-Ruenn (Leon) Kao 
11 weeks 
4 " 
2 
2 
1 
10 
3 
2 
39 weeks 
University 0£ Minnesota Farm, Crookston, Minnesota 
I. H. Dealer, Greeley, Colorado 
T.V.A, 
State Forestry Station & Paper Plant, Cloquet, 
Minnesota 
A.S.A.E. Meeting, St. Louis, Missouri 
Course in farm equipment operation, Stockton, Cali£. 
Emeryville Works 
Berkeley Pump Company and Well Drilling, Berkeley 
and San Bruno, California 
Hall-Scott Engine Works, Berkeley, California 
Advance Pump Company, Berkeley, California 
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Wau-Chun (Albert) Wang 
12 weeks 
1 
IO 
10 
TI weeks 
University of Minnesota Farm, Grand Rapids, 
Minnesota 
Seabrook Farms, Bridgeton, New Jersey 
I. H., Louisville Works 
State Forestry Station and Paper Mill, Cloquet, 
Minnesota ,·and three plants in Minneapolis 
Visit to Texas, Mississippi. Tennessee (cotton and 
T.V.A.) 
A.S.A.E . Meeting, Philadelphia, Pennsylvania 
Course in farm equipment operation, Stockton, 
California 
California Cotton Oil Company, Fresno, California 
Ke-Chou (Lawrence) Wu 
12 weeks 
7 " 
2 
1 
1 
10 
43 weeks 
University of Minnesota Farm, Morris, Minnesota 
I . H. Dealer, Donaldsonville, Louisiana 
State Forestry Station, Cloquet, Minnesota 
Visit to Alabama and Mississippi (cotton) 
A.S.A.E. Meeting, St. Louis, Missouri 
Course in farm equipment operation, Stockton, 
California 
Stockton Works 
Bay Cities Equipment Company (Industrial Power 
Dealer), Oakland, California 
Emeryville Works 
As a final phase o( their training, an 80-acre (arm was rented just outside of 
the southern limits of Stockton, California, and machines and tractors were 
provided by the lnternational Harvester Company for practice in service. 
adjustment and operation, 
Five major lines o( equipment were included in this schedule--tractors; plows 
and harrows, planting, fertilizing, and cultivating equipment; feed mills, hay 
tools, and manure spreaders; and harvesting equipment. A complement of 
I.H. machines was sent to this field training location. Approximately two 
hours a day were set aside for related classroom work, and this was covered 
by carefully prepared instructional material. 
The Committee believed that this type o( practical training was very helpful 
to the fellows. The Chinese students, in general, whose training is limited to 
the classroom and the laboratory, with their limited background, are apt to 
think o( agricultural engineering as something quite detached from the actual 
use o( the agricultural machines in the field. 
Fig. 82 Group of Harvester Fellows and instructors 
on l 0-week practical training at Stockton, 
California, March 1948. LEFT TO RIGHT, 
STANDING: Walter Sway, Henry Li, Leon Kao, 
James Yu, W.J . Giese (Foreign Operations), 
Harold W. Pals (Los Angeles), Hugh], 
Mc Kenna (Oakland), Wallace Fang, Schubert 
Tsu, Emerson Tsui, Robert Chen. 
LEFT TO RIGHT, KNEELING: Edward Chang, 
Lawrence Wu, Thomas Chang, David Hoh, Kenneth 
Wu, John Tsai, Joe Tseng, Peter Tao, Albert Wang, 
Charles Wu, Alex Lee . 
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4. Practical Training with Dealers and Distributors 
Arrangements were made for the fellows to spend several weeks with pro-
gressive dealers in the U.S.A. In talking to the students and reading their 
personal reports, it was learned that this experience opened for them an 
entirely new conception of the farm equipment industry. It seems that their 
conceptions of the industry had been limited to simply the manufacturing of 
machines and selling them to farmers, without much effort. The observations 
of the responsibility that the American farm equipment manufacturer and 
dealer assumed in seeing to it that the machines function satisfactorily· over 
a long period was most enlightening to the young men. 
5. Practical Training in the Factories 
Many of the students were very anxious to visit American factories. This 
was due first to a desire to see personally something of American methods 
of production, which they believed to be nothing short of miraculous, and 
second, to the fact that many of them hoped to have some part in a manufac-
turing program at home. In talking with a number of the students after their 
return to China, we found that they were very favorably impressed with the 
American system of making machines with interchangeable parts and with 
the use of standardized materials of good quality, best suited to the individ-
ual requirements of the parts. 
6. Employment in China 
Seventeen of the fellowship students returned to Shanghai, China, June 21, 
1948. After about seven days in Shanghai the entire group came to Nanking 
for a conference lasting from.June 28 to July 1. The first day, June 28, was 
used for the most part in addresses of welcome on the part of Director T, H. 
Shen and Professor Woo, and forum address by Dr. P. W. Tsou. The Com-
mittee entertained the group at dinner in the home of Mr. Mc Colly and Mr, 
Davidson, Mr. Stone gave an address of welcome. The three members of 
the Committee furnished most of the program on Tuesday and Thursday, 
consisting of a forum discussion of agricultural engineering problems in 
China. On Wednesday, the group as a whole visited the new factory of the 
National Agricultural Engineering Corporation in Nanking and the two uni-
versities, the National Central University and the Univer sity of Nanking, 
where the college officials acted as hosts at a luncheon and a dinner at which 
the future of agricultural engineering in China was discussed. 
Following is a list of positions which it was suggested should be open to the 
Harvester fellows: 
I. instructors in agricultural engineering subjects in the national and 
provincial colleges. 
2. Research workers in national and provincial experiment stations. 
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3. Supervisors of the training of tractor and machine operators in special 
schools and training centers. Training should include tractors and 
machine mechanics and the operation and adjushnent of machines in the 
field. 
4. Agricultural engineers in the farm equipment manufacturing industry. 
Designers, demonstrators, sales engineers , and production engineers. 
National Agricultural Engineering Corporation. 
5. M.anagers of farm machine and tractor cooperatives. There is consider-
able interest in tractor centers organized after the British and UNRRA 
plans . These centers would operate machines for hire, supply power for 
local industries, the purflping of water, earth work, etc. 
6 . Farm operation or management. This would contemplate the organization 
of farms of sufficient size either privately, by cooperation, or by public 
assistance as will furnish a desirable economic situation to an ambitious 
young well-trained farmer. Thi s field could be rTiade the object of a 
national movement. 
7. Employment as farm equipment specialists by manufacturers' branches, 
importers, or distributors. It is reported that Chinese law now requires 
the employment of Chinese nationals in the executive staff o[ an importing 
company. 
8. Employment as soil and water conservation specialists in drainage, irri-
gation and erosion control construction, The design and construction of 
conservation works. 
9. Employment as farm structure specialists by governmental agencies, or 
by building materials distributors . Rural housing, crop storage, sanita-
tion . 
10. Well-drilling experts . Employment as sanitary water suppl y, or irriga-
tion engineers. 
11. Production engineers for rural crop processing and utilization industries. 
12. improvement in road maintenance. 
a, Preparation of road material--rock crushers 
b. Application of road material, rollers 
c. Road smoothers 
13. Development of well drilling. 
a. Methods of sinking wells 
b . Equipment for wells 
c. Irrigation wells 
14. Development of bamboo as a standard building and manufacturing material. 
a. Characteristics, strength, etc. 
b. Curing 
c. Standard lengths and diameters 
15. Development of builder's hardware. 
a. Locks, hinges, latches, etc. 
b. Window and door frames 
16. Management and storage of irrigation water. 
a. Pwnping plants 
b. Reservoirs 
17. Improvement of farm sanitation . 
a. Equipment for enclosing and handling night soil 
b. Screening of houses 
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18. Improvement of rural water supply. 
a. Storage tanks 
b. Wells 
19. lmprovement of rural housing. 
a. Adobe and rammed earth construction 
b . Insulation 
20. Study of the production of fuel for farm power, 
a . Liquid fuel from coal 
b. Vegetable oils for fuel 
c. Alcohol from cereals and waste 
d, Charcoal gas producers 
21. Study of the production of fuel for heating. 
a . Coal - coke 
b . Fuel trees 
c. Fuel crops 
22. Test and development of farm motors, 
a, Practicality 
b . Economy 
23. Development of farm machines to meet China conditions . 
a. Sma 11 units 
b. Machines for hillsides 
24. Study and development of the engineering of crop production , 
a. Efficiency of labor 
b. Economy of power 
c, Economy of machines 
The above list, in substantially the form here given , was sent to a number 
of possible employers, asking if openings were available. The answers 
received, together with additional information secured by conference, l ed 
to the preparation of a list of possible employers . 
l. National Agricultural Research Bureau, Nanking 
Name of position: Technician 
Character of work: Research 
Field of work: Economics of engineering 
2. NAR B, Nanking 
Technician 
Research 
Techniques in agricultural production 
Development of hand tools 
(Survey of equipment needed) 
3 . NARB, Nanking 
Technician 
Res ea rch 
Well drilling 
4. National Agricultural Engineering Corporation, Nan king 
Engineer 
General engineering 
Sales development--customer demand 
5. NAEC, Nank.ing 
Engineer 
General engineering 
Service- -field engineering 
6. NAEC, Nanking 
Engineer 
Development and design 
Animal-drawn field machines 
7. NAEC, Nan king 
Engineer 
Development and design 
Threshing equipment 
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(Any one o( several classes or types of machines might be developed.) 
8. Agricultural Machinery Operation and Management Organization, Shanghai 
Technician 
Organization of [arm machine cooperatives 
9. AMOMO, Shanghai 
Technician 
Organization of cooperatives as above 
l O. AMOMO, Shanghai 
Technician 
Service and repairs for machines in use 
11 . AMOMO, Shanghai 
Technician 
Crop processing cooperatives 
12, Tobacco improvement Bureau, Nanking 
Technician 
Development and research 
Machines and power for tobacco production 
13. Cotton improvement Bureau, Nanking 
Technician 
Development and research 
Machines and power for cotton production 
14. National Central University, Nanking 
Assistant professor 
Instruction and research 
15. NCU, Nanking 
Assistant professor 
lnstruction and research 
16. University of Nanking, Nanking 
Assistant professor 
Instruction and research 
Farm power and machinery 
17. U of N, Nanking 
Assistant professor 
Instruction and research 
Farm operation 
18. Llngnan University, Canton 
Assistant professor 
Instruction and research 
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19, Chikiang National University, Hangchow 
Assistant professor 
lnstruction and research 
20. Cheeloo University, Tainan Shantung 
Assistant professor 
Instruction and research 
21. Ming Sung Company, Chung king 
22. National Agricultural Research Bureau, Substation, Peiping 
Technician 
Research and development 
23, Chekiang Province, Hang chow 
Extension specialist 
Extension instruction and organization 
1. Positions Secured by Harvester Fellows 
A survey made in September 1948 indicated that all of the fellowship 
students who had returned to China were employed as shown in the following 
list giving employers and addresses, 
Present Addresses of Harvester Fellows 
September 1948 
Edward C, K, Chang 
Thomas T, C. Chang 
Walter S. Y. Sway 
John C, H, Tsai 
Robert S. T. Chen 
Wallace C. S. Fang 
Leon L. R. Kao 
Alexander H, Y . Lee 
Henry K. T. Li 
AMOMO, Nanchang 
Assistant superintendent 
Design, Development and Research Department 
National Agricultural Engineering Corporation 
1314 Chungcheng Road (Eastern) 
Shanghai 
(Kwangsi Regional Office) 
'1. Agricultural Machinery Operation and 
Management Office 
185 Szechwan Road, Shanghai 
College of Agriculture 
National Chekiang University 
Hangchow, Chekiang 
Mechanical Engineering Department 
National Central University 
Nan king 
(Hunan Regional Office of AMOMO) 
o/. Agricultural Machinery Operation and 
Management Office 
185 Szechwan Road, Shan_ghai 
National Agricultural Research Bureau 
Shiaolingwei, Nanking 
Peter D, L. Tao 
Schubert M. K. T su 
James Y. T. Yu 
Emerson Y. A . Tsui 
Charles C. Y, Wu 
Joe T. C, Tseng 
Albert W. C. Wang 
Lawrence K. C. Wu 
Kenneth S. K. Wu 
David H. C. Hoh 
James Pei-Chung Hsu 
(Taiwan Regional Office of AMOMO) 
% Agricultural Machinery Operation and 
Management Office 
185 Szechwan Road, Shanghai 
Agricultural Machinery Operation and 
Management OHice 
185 Sze ch wan Road, Shanghai 
Divi sion of Agricultural Engineering 
National Central Univer sity 
Nan king 
(Central China Regional Office of AIS) 
1• Agricultural Industry Service 
185 Szechwan Road, Shanghai 
AlS, Shao Yang, Hunan Province 
Cotton Processing Service 
Room 540 
17 Hwangpoo Road 
Shanghai 
(Repair, Maintenance, and Supply Station 
of AMOMO at Point Island) 
1• Agricultura l Machinery Operation and 
ManaRement Oftice 
185 Szechwan Road, Shanghai 
Department of Agricultural Engineering 
Uni versity of Nanking 
Nan king 
Still in the United States (September 1948) 
Withdrew 
The above list of employers, positions, and addresses cannot now be con-
sidered accurate owing to the chaos which has prevailed in China. 
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A review of the positions held by the Har vester fellows would seem to 
indicate that everyone should have the opportunity to put his training to good 
service. 
It is perhaps to be regretted that not one of the group is to be directly respon-
sible for a farm enterprise. However, there are a number who have expressed 
their interest in operating a farm when such an opportunity is available. 
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8. Agricultural Engineering Trainees 
In June 1945, seven Chinese engineers came to the United States under a 
11lend-lease11 project between the two countries for special training, in agri-
cultural engineering, for a period of one year. This training consisted of six 
months of special study at Iowa State College, three months on farms, and 
three months to travel and visit the special crops areas of the country, and 
also manufacturing plants. These seven men are now distributed as follows: 
National Agricultural Engineering Corporation, Shanghai 
Agricultural Machinery Operation and Management Office, Shanghai 
National Agricultural Research Bureau, Nanking 
159 
VIII. THE SELECTION OF FARM MACHINERY 
The types of farm implements now used in China are practically the same as 
those used for many centuries. For the most part they are made crudely and 
inefficiently, although many implements reveal ingenious utilizations of mate-
rials at hand. Many of the farm implements are homemade, but there are 
also some that are necessarily made by local shops, like plows, harrows, 
stone rollers and mills , water ladders, etc. 
The investment in farm implements is very low, and the cost of use of the 
implements per unit of land·is correspondingly low. The following table* 
g i ves the average value of implements per farm and per crop area, and the 
average operating cost of implements per crop area for small, medium, and 
large farms. 
Table 5 Chinese Farms and Equipment 
Average crop acres, annually 
Average crop land in farms, acres 
Double-cropped acres 
Farmers operating size farms, approximate per cent* 
Present value of implements. Yuan: 
Owned 
Borrowed 
Present value of implements owned per crop 
acre, Yuan 
Operating cost of implements per crop acre, Yuan 
Size of farm 
Small Medium Large 
3.25 7 .05 15.08 
2.32 4.70 10.85 
.93 2.35 4 .23 
65 28 7 
16.21 34.31 54 .60 
26.68 13.64 7 .95 
4.98 4.86 3.60 
1.26 1.14 .78 
*Estimated from data published by Ministry of Industries, 1935. 
It is to be noted that the smaller [arms borrowed a considerable value o[ 
implements, the small [arms borrowing more than owned. A l so, the invest-
ment in implements and the cost of operating them decreases on a per-acre 
basis as the size o[ farm increases. 
1. Manual Implements 
Chinese hand and manually operated implements are made from wood, bam-
boo, and metal, and £or the most part are made in local blacksmith shops. 
Several attempts have been made to introduce manufactured implements and 
tools, but their cost usually exceeds that o[ the local item, because the local 
blacksmith utilized scrap m...terial and the old article in constructing the new 
one, and his overhead expenses are low. 
*Based on information in "Farm Implements in North China" by Pan Hong-
Sheng, University 0£ Nanklng, 1939. 
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Fig. 83 Some native hand implements of Peiping, NARB , cons i sting 
of Japanese mulcher; wooden rake, broom, and forks; and 
iron hoes, forks, and rakes , 
FiR. 84 An assortment of hand and animal-drawn implements loaned 
for use of Farm Management Department, NARB. 
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There are a number of different hand implements used on farms. The pam-
phlet "Farm Implements in China11, prepared under the direction of Pan 
Hong-Sheng, University of Nanking, lists over forty items classed as farm 
implements. Much of this list falls into a classification we generally term 
equipment, like baskets, pails, bags, brooms, mats, etc. Some of the major 
items of manual implements and equipment are: 
digging hook 
large and small hoes 
scuffle hoe 
flail 
sickle 
carrying pole and baskets 
water pail 
foot pump 
hand pump 
wheelbarrow 
wooden spade 
wooden fork 
wooden ladle 
drying mat 
drying baskets 
threshing box 
fanning mill 
bamboo broom 
bamboo rake 
The digging hook, commonly known as t 1ieh pah, usually has £our flat tines 
approximately at right angles to the wood or bamboo handle. The handle is 
usudlly not very smooth and is fastened into a loop of the digging hook by 
wedges of wood or bamboo and scraps of cloth or leather. 
Large and small hoes are forged from iron and are fastened to handles in the 
same manner as the digging hook. The hoe blade is quite heavy and thick, 
usually about 1/ 4 inch, and in use is normally raised and let fall, the weight 
being sufficient to cause the blade to penetrate the soil unless it has become 
heavily covered with weeds. Blades of the smaller hoes average about 4 
inches wide by 6 inches long, and the larger ones about 8 inches wide. It 
does not seem to be coITUnon practice to sharpen the hoe. 
Scuffle hoes are designed to cultivate rice between the rows and work in 
water and mud. They are made of metal, somewhat shoe-shaped, with blades 
in the sole part. As the hoe is pushed back and forth by the long handle, the 
scuffle hoe will cut off the weeds and moss, and the open-type bottom tends 
to be self-cleaning. 
2. Harvesting Implements 
The ordinary sickle consists of an iron blade with a loop formed at the heel 
to receive the short. round, straight wood handle. The blade is about 6 inches 
long. and some will have hard steel, commonly strips of broken automobile 
springs, welded to the cutting edge. The sickle is used to harvest the grain 
crops, cut grass, and chop light brush for fuel. ln North China particularly, 
the swinging sickle is used, which somewhat resembles a cradle. The iron 
blade has a wire net or slatted rack behind it to catch the c,ut grain. The 
long handles are not uniformly shaped for fit to the operator, and the balance 
is not good. 
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Fig. 85 Transplanting rice seedlings in water. Worker steps 
rearward after setting plants. About 1/3 acre is 
planted per man-day. 
Fig. 86 Cutting and wind r owing rice with a sickle. One man 
averages about 1/ 4 acre per day on this job . 
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3. Threshing Implements 
The flail is commonly constructed from bamboo and has a somewhat hand-
shaped, flat -slatted beater fastened to a bamboo pole by bending a slab of the 
bamboo over a protruding arm on one end of the beater . In threshing, the 
grain is spread uniformly in courses on the threshing floor o{ hard-packed 
earth so the heads are exposed on the top of the previous course , the lap 
being about one-hall the straw length . Frequent fluffings with the wooden 
fork are necessary, followed by additional flailings, before the heads are 
threshed out. The wooden fork, bamboo rake, and bamboo broom are em -
ployed to separate, winnow, nnd collect the grain which is often spread on a 
drying mat to cure. 
· 4. Miscellaneous Implements 
The carrying pole is very common in China for transporting, by man 1s back, 
many of the products of the farm and also commercial articles. Made of 
split wood or full round bamboo, the length is about 8 feet. Baskets are 
usually supported on the ends, although bags of g rain may be tied on directly. 
The carrying pole and baskets are also employed for earth moving, trans-
porting construction materials, coal and other fuel. 
The use of the water pail and wooden ladle jj; discussed in the irrigation 
section of this report, although the ladle is also used for spreading or pour-
ing night soil on the field. Manually operated pumps are also discussed in 
the irrigation section. 
The threshing box is a wooden box about 4 feet square and 30 infhes high 
into which the rice grains are gathered by beating a small bundle of rice 
over the edge of the box , sometimes on a slatted rack . A bamboo slat 
shield on the back sides of the box prevents the seeds from shattering over 
the edges. This box is slid around over the rice field as needed. When 
empty the box is carried , usually by one man, to the field by inverting over 
the head. Figure 89 shows the threshing box in use. 
The fanning mill is a wind blast machine for blowing chaff and other light 
materials from grains . It is made of wood, with the shaft usually of metal. 
The fan is cranked by hand, the air blast blowing through a stream of grain 
falling past the fan chamber. 
5. Improving Implements 
There appears to be many improvements that could be made in existing hand 
tools and research work for that purpose should be instituted, as little if any 
work has been done to improve or modernize the farm hand implements. A 
start was made by the Committee, but it needs to be continued . The method 
of fastening the handle to the digging hook and hoe, it would seem, could be 
improved . Too, the digging hook might be forged with separate replaceable 
parts . Sickles and cradles could be improved, especially the handles . The 
fanning mill might have shaker screens added for separating and grading 
~1iii~ .. f~~ I 'tJ~-_-v 
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seeds. Bamboo strip sieves operated by hand are now used for separating, 
but the openings are not uniform in size. Mesh and punched sheets could be 
economically supplied. Several types of improved wheelbarrows were 
noticed, most of them imported, with pneumatic rubber tires. The Chinese 
wooden wheelbarrow is cumbersome and of heavy draft. 
6 . Wheel Hoes 
Great interest was shown in the use of wheel hoes, and their manufacture was 
started by several concerns. Although not intended to entirely replace the 
hand hoe and hand weeding, the wheel hoe saves a tremendous amount of 
labor or increases the capacity of the worker many-fold. One man with a 
wheel hoe will cultivate in a given period about five times as much area as 
a man with an ordinary hoe. 
The workday in the field in China is long, as there are little if any 11chores 11 
for the field worker. Most authorities agree, and farmers interviewed 
indicated, that seldom less than 10 hours per day were put in in the field 
and that most of the time 12 hours would comprise a working day. Usually 
the day is from daylight until dark. with rest periods interspersed throughout 
the day and a few hours off during the mid-day. 
7. Capacity of Hand Implements 
The following table gives the normal capacity of some of the more common 
manually operated implements and tools. There is considerable variation in 
capacity in various localities in China due to many factors like soil charac-
teristics, kinds of crops, climate (affec'ting the worker), living conditions, 
incentives, etc. 
Hand Implements 
Digging hook 
Hoe, hand 
Sickle, hand 
Sickle, swinging (cradle) 
Capacity~~£!. g Hours 
1/ 18 to 1/ 30 acre; av. 1/24 acre 
1/ 4 to 1 acre; av. 1/3 acre 
1/ 6 to 1/ 2 acre 
1/ 2 to l - 1/ l. acres 
Flail (including winnowing, etc.) 
Wheel hoe 
l. to 5 bushels (wheat) 
I to 2 acres 
Following are some of the major manually operated or hand implements taken 
to China by the Committee: 
garden hoes 
onion hoes 
beet hoes 
tobacco hoes 
cotton hoes 
mattock hoes 
hand cultivator 
single-wheel hoes 
double-wheel hoes 
garden rake 
road rake 
hand garden seeders 
fertilizer sower 
sprayers 
dusters 
shovels 
spading fork 
hay fork 
barley fork 
manure fork 
vegetable fork 
Fig. 87 Harvesting rice with sickles and threshing with threshing 
box. About 1 aa-re per day is harvested by an eight-man 
Fig. 88 Transporting wheat sheaves from harvest field to thresh-
ing floor by carrying pole. 
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8. Animal-Drawn Implements 
A survey indicates that in North China, 86 per cent of the farmers have work 
animals . The yellow ox is most prevalent followed in order of the nwnber 
used by donkeys, horses, and mules . The percentage ownership of work 
animals on farms having work a nimals is as follows:* 
Yellow oxen 50 
Donkeys 29 
Horses 11 
Mules 10 
The water buffalo is used in the rice-growing areas, as this animal is par-
ticularly well adapted to working in mud and water. Water buffalo are also 
used to operate water ladders for lifting water to rice paddies. 
The most common animal-operated implements are: 
plow 
harrow 
drill 
stone threshing roller 
cultivating hoe 
water lifter 
cart 
stone packer (North China) 
9, Tillage Implements 
Most native implements are constructed from wood with some metal used. 
Plows have wood beams, handles, and bottoms with a metal sheet fastened 
over the moldboard. Metal ~ottoms are u sed in some areas, local black-
smiths forging them out. and some use cast iron. The rice land plow has a 
high a rched beam so the heavy sticky soil will clean from the bottom. The 
plow bottom shapes vary, but the most common resemble turning plows. 
Furrower {lister) shapes are also widely used, especially in the rice areas, 
as they tend to stir the soil or mud. One-animal plows are about 6 inches 
wide and two-animal units will measure 8 to lZ inches in width. 
Harrows vary a little in type of construction but are rigid wooden frames 
into which the teeth are driven. Steel teeth shaped like flattened blades 
are used most frequently, but wooden teeth are sometimes used. Steel teeth 
mea~ure about 8 inches long, l inches wide , and about 1/4 inch thick. 
Normally, ll teeth a.re in the front crossbar and 11 in the rear, with the 
teeth spaced so they will travel in different paths. The rice land harrow is 
also used as a leveler, and the farmer usually stands on the crossbars when 
the harrow is in use. An implement known as a roller harrow is often used 
in the rice pad'd.y to level the mud. This ha rrow has a round wooden roller 
or beam into which are driven steel pieces resembling knives , about 6 
inches long and It inches wide. Harrows are usually 5 to 7 feet wide . 
*'.'Farm Implements in North China11 by Pan Hong-Sheng, University of 
Nanking, 1939. 
Fig. 89 Threshing wheat with a flail. By this method one man can 
thresh and clean about two bushels of wheat in a day. 
Fig. 90 Yellow ox pulling wood frame plow stirs about 7 / 10 acre 
per day. 
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Fig. 91 Stirring rice paddy soil with a plow and water buffalo, 
Fig. 92 Harrowing the rice paddy soil to make a fine smooth 
paste in which to set the rice seedlings . 
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Cultivators for animals are built of iron, and for the most part the design has 
been adapted from western implements. They are one-animal implements 
with usually five shovels, and operate between the rows. Some imported hoes 
10. Planting 
The drill, sometimes called a sowing plow, is built of wood with steel tips 
on the end of the furrow openers. The most common type has a two-handled 
upstanding frame with two to .three furrow openers at the bottom. To this 
frame is fastened a pair of shafts or thills for the draft animal, and the seed 
hopper is fastened at the junction of the thills and upright frame. A slide 
board regulates the size of seed opening and the seed is fed out the opening 
by a stone and string pendulum working a cross stick in the opening. It is 
necessary for the operator to slightly shake the drill sidewise as it is drawn 
forward in the field. Rows are usually spaced about 8 inches apart, although 
farther north in China the distance is increased. 
11. Threshing 
The stone threshing roller is cut from hard granite - like stone and is about 
l feet long and 10 to lZ inches in diameter. A smooth surface roller is 
used to smooth and pack the threshing floor, and a corrugated roller is used 
for-the grain threshing job. Usually there are nine or ten ribs on the roller. 
The roller may be cylindrical or slightly tapered so it will be easier to pull 
around in a circle . The cylindrical roller is hitched off center to enable it 
to follow the .:ircular path. 
lZ. Transportation 
Carts used primarily on the farm have wooden wheels sometimes with iron 
tires . The wheels fit very loosely on the axle. Pneumatic-tired wheels and 
parts of old cars and trucks have been employed for carts that are used on 
the highway or that do eonsiderable distant hauling. 
13 . Capacity 
The rate of work pe r day of a few of the animal-operated implements are 
given below. The length of day was stated to be at least 10 hours , and would 
often be ll hours, but usually with considerable rest time taken . 
lmplement 
Plow, 6 inch 
Plow, lZ inch 
Harrow 
Drill or planter 
Packer, stone 
Cultivating hoe 
Threshing rolle r, stone 
Rate of Work per Day 
l/3 to 3/4 acre 
I to Ii acre 
3 to 6 acres (once over) 
zt to 4 acres 
Z- 1/4 to 4 acres 
l-! to zt a c res 
10 to ZO bushels (wheat) 
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Fig. 93 
Fig. 94 Three-row Chinese grain drill constructed entirely of wood. 
By rocking it sidewise, the operator causes stone pendulwn 
to dribble out seed back of openers. 
Fig. 95 A boy leads a donkey loaded with wheat sheaves to the 
threshing floor. 
Fig. 96 Stone threshing roller drawn by water-buffalo threshing 
wheat on a village threshing floor. From 10 to 20 bushels 
per day can be threshed, cleaned, and collected. 
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14. Labor Required to Produce Crops 
Crop production by manual and animal power methods is slow and results in 
low output per work day. T he following tabulation* gives the numb er of man 
and animal days requi r ed to produce an acre of the principle crops in China. 
(A day is at least 10 hours,) 
Barley • .• . •. • , • , .. 
Corn ••. , . • ••.•. , . 
Cotton . .• , • .• .•. , . 
}(aoliang ..• , ... . • . . 
Millet ••.•.• . •.•.• 
Peanuts . .. . . . ... • . 
Rice# .. . ........ . . 
Wheat .•..••• . . . .. 
40 
23 
53 
35 
40 
46 
82 
26 
8 
5 
8 
9 
9 
6 
19 
8 
#The high amounts of l abor r equired in the Southwestern Rice Area have 
been omitted. 
15 . Modern Animal-Drawn Implements 
There is available from manufacturers today a wide variety of one- and 
two-animal farm implements, consisting of plows, disk harrows , spike tooth 
harrows, cultivators, planters, drills, harvesting machines, vehicles, etc. 
A farm may be completely equipped with animal-drawn farm implements. 
The farming situation can be analyzed and the equipment selected for a farm 
operated by animal power in the same manner as explained in the tractor 
part of this section of the report. 
A set of one - animal implements and a set of two - animal implements a r e 
listed as exampl es of the types of e(iuiprnent available. T hese lists include 
equipment the same as, or similar to, that taken to China by the Committee. 
One-Animal Implements 
Walking plow, JA-7-C, 6 inch 
Sp'l"ing - toothharrow, 9 t?oth, pipe bar, hitch 
Peg-tooth harrow, l section, ZS tooth, with hitch bails 
Soil pulverizer, No. 49-1/5, double gang, 4-1/Z ft . , one horse hitch 
Grain drill, 5 disk, fertilizer type, covering chains, hitch 
Corn and cotton planter, No. 156-B, one row, seed plate bundles for 
corn, cotton, kaoliang, beans, etc., marker 
Cultivator, No. 94, 9 tooth 
* Based on information in 11 Land Utilization in China 11 , by Buck. 
Two Animal implements 
Walking plow, J A-7-I, lZ inch 
Disk Harrow, No. 17, 4 or 5 ft., two horse hitch , tongue truck 
Spring tooth harrow, Z section, 15 teeth, hitch 
Peg tooth harrow, Z section, 60 teeth , hitch 
Soil pulverizer , No . 49 - 4/5, double gang, 6-1/4 ft., hitch 
Grain drill, type R, 11 x 7, fertilizer type , two horse hitch 
Corn and cotton planter, No. Z0- 0, two row, fertilizer attachment, 
seed plate bundl es for corn, cotton, kaoliang, beans, etc, 
Cultivator , walking, A-?13 volunteer 
Mower, No . 9, 4-1/2 feet, two horse hitch, reaping attachment 
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There are many kinds and types of animal drawn implements and it is advis-
able to cont.act a manufacturer for Cull information before selecting specific 
implements . Plows, for example, are made in var i ous styles and of several 
kinds of steel i n order to work in different soil types under various condi-
tions , There are animal drawn hillside plows available for p l owing on hill-
sides, and there are plows for stony soil and for rice land soils , as well as 
for other conditions . Cultivators of different styles are availab l e which can 
usually be equipped with a variety o f ground shovels or sweeps. Thus , com-
plete information should be available before ordering any implements . Like-
wise, the manufacturer should be furnished with complete i nformation on 
climate , soil c haracteristics , topography, crops to be grown , harvest condi-
tions, farming meth ods, and any special condi tions or practices , 
Animal drawn implements are eas i ly substituted for obsolete types of farm 
equipment because each implement is an independent unit and does not par-
ticularly depend upon another for i ts most practical use. Most modern tractor 
implements are mounted on the tractor, and some of these implements depend 
upon others for their use . For example , a cotton and corn planter, when 
mounted on the tractor, utilizes a considerable part of the cultivator . Animal 
drawn implements, if necessa r y, can be obtained one at a time, or a complete 
farm setup can be selected. 
Steel plows are popular and are more efficien t than most native p lows. The 
plow is used for secondary tillage in Ch ina , or in other words , much of the land 
is plowed twice, When two animals are avai lable, a 4 or 5 foot disk harrow 
would prepare the soil much quicker. If only one animal is used, then secondary 
tillage in many cases could be done with either the spring tooth harrow or the 
cultivator. 
16 . Garden Tractors 
Several sizes and types of garden tractors were taken to China by the Com -
mittee, and few machines were loaned or donated by AMOMO to the three in-
stitutions, Most of the garden tractors were equipped with complete sets of 
implements, ground working tools and attachments, such as p lows, disk har -
rows, cultivators, planters, fertilizer distributors, grass seeder, mowers, and 
small truck-cart. 
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Fig. 97 Two oxen in north China pull a steel beam, wood standard 
plow. This is the second plowing of the field, an operation 
a disk harrow could do more rapidly . 
Fig. 98 Two animals on large Chinese harrow, thus doubling the 
eHectiveness of the farm worker. 
Fig, 99 Drilling wheat with 5-disk drill and water buffalo, 
covering an area of about 3 acres a day . 
Fig . 100 The sulky dump rake was favored over bamboo hand rakes 
for gathering straw after combining . The straw was hauled 
by buffalo cart to farmstead . 
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All the tractors were equipped with pneumatic ti r es, but lugged steel wheels 
were fu r nished as extras wit h some of them. A few rotary- pl ow type and a 
few rotary- tiller type garden tractors were used . The garden tractors were 
of two general sizes, l to If H.P. and 4f to 5 H.P. The u se of garden tractors 
in the Committee's program is given in Section V of this report. 
The capacity of garden tractors is influenced directly by the ability of the 
operator, For short periods of operation, capacities would be greater than 
under conditions where the operator works a full day , The operation of a 
garden tractor by an experienced operator is no more difficult than perform-
ing field operations with animal drav.rn walking implements. With animal 
drawn implements the operator is able to rest when the animals are resting, 
but with a garden tractor, the operator will have to set the rest periods ac-
cordi ng to his own capacity. 
The following table lists some of the common garden tractor sizes with imple -
ments, and also gives the normal capacity under average conditions, 
Small Garden Tractor - l to If H.P. Capacity, Acres Per Hour 
Plow, 6 in • . • . . . •• •. , •• . • , •.• , • • • • .IO 
Disk harrow, 2 ft,, 6 - 1211 disks. . • . . . • . . . ,40 
Cultivator, 1 row (variable width), 1 ft. . . . . .20 
Planter, 1 row (variable width), 1 ft....... .15 
Mower, 2 ft., cutter bar,,,. , ••• , • • • • . • .40 
Large Garden Tractor - 5 H.P. 
Plow, 10 in • .•.•. • . • , , , • . , • , , , , , , • 
Disk harrow, 4 ft, .•. , . , , , , • , , , , , , • , 
Spike tooth harrow, 4 ft, •• , •• , . , . , . , • , 
Cultivator, 3 row (variable width). 3 ft •.• . . 
Planter, 3 row (variable width). 3 ft .••.•. 
Fertilizer, attachment ••.•..••••.• , , • 
Mower, 3 ft . cutter bar • .•. , .•.•. , .•.• 
Rotary Tillage Garden Tractors 
Rotary plow, 6 in. cut • •• . •••• , •••• , .• 
Rotary tiller, 18 in. cut, 5 H.P. , . •. , .••• 
17. Farm Tractors and Implements 
.20 
.80 
.80 
.so 
.40 
.40 
.60 
.08 
.15 
The satisfactory performan~e, efficiency, and economy of a tractor and its 
complement of implements depends upon their adaptability to the crops pro-
duced, the acreage to be handled, and the conditions under which they must 
work. In the growing of crops there are certain field operations to be carried 
oµt and the implements must not only be adapted to use with the tractor se-
lected, but they must satisfactorily perform these operations. Since a tractor 
is usually used in the growing of more than one crop there will be certain 
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implements which will be used with all the crops, and other implements may be 
special and used in connection with only one crop. Some implements are se-
lected to care for special conditions and may not be used every season, yet 
the lack o[ such an implement at a critical time could mean the loss of a crop. 
Some of the requirements o( farm machinery and some of the principles of 
economical operation are as follows: 
a. The tractor must be of a size and type adapted to the size of an enter-
prise. If the tractor is too small certain operations ca.nnot be per -
formed at the right time, and if too large it will be idle part of the 
time and uneconomical because of its extra cost. 
b. Implements must be available for all of the necessary operations to 
be carried out with machinery, I! row crops are to be grown, planters 
and cultivators are needed . 
c . Machines should furnish a full load for the tractor to secure econom-
ical operation . 
d. The machinery should be used as much as practicable in conducting 
an organized production program . 
e. The machinery should have the necessary attachments for performing 
various operations under all conditions, i.e . , cultivators often require 
diHerent types of soil tillage tools for different crops. 
£. The tractor and implements must be properly cared for and kept in 
repair to maintain operating efficiency. 
18. Crops 
Over a country as large as China there are many cultural practices used in 
produ.cing crops . Some localities require drainage, others irrigation, and 
some places require both due to too much rain part of the season and none 
during others . ln certain localities wind and water erosion require control, 
and the equipment must be selected and used with these facts in mind . Other 
sections of this report bring out certain facts in regard to agriculture in 
China, but there are a few bs.sic considerations which need to be considered 
in the selection of farm equipment to produce crops. There are many types 
of crop rotations that can be selected, and the assistance of crops and soils 
technicians should be utilized in establishing a farming enterprise. 
ln south China, two crops are grown on much of the land. The winter crop is 
mostly wheat and some peas and beans are grown for food and green manure. 
Generally the winter wheat follows soy beans, corn, kaoliang, millet, and 
rice. The amount of winter wheat produced is limited by the capacity of the 
equipment to harvest the crop, plow, and prepare a seed bed, and plant the 
next crop; all within a period of one month. lnterspersed in this work will be 
cultivation of some of the early planted row crops . Cotton usually is cleared 
from the land too late for a winter crop to be planted , so cotton land is usually 
winter fallowed, although many farmers inter crop- -that is, plant by hand a 
winter crop of peas or beans between the cotton rows. 
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Fig. l 01 Cultivating soy beans with Sears Bradley garden tractor. 
Fig. 102 Planet Jr. HT garden tractor fall plowing rice land at 
the rate of q acres per day , 
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North China is principally a one-crop-per-year area, and irrigation is prac-
ticed if water resources are available. If the soil does not drift, considerable 
fall plowing can be done, but in most cases it should be ridged with a machine 
like a field cultivator or spring tooth cultivator. In the marginal lands area of 
north China such practices as strip cropping, fallowing, and other soil and 
moisture<onserving techniques should be employed . Machines like harrow-
plows, duckfoot field cultivators, spring tooth harrows, and listers should be 
used. 
Rice, the principal crop in China, is planted following rice, green manure 
beans, wheat, soy beans, and other crops. A 6- or ?-inch row spacing is 
satisfactory and a fertilizer-type grain drill is preferable. 
Wheat usually follows soy beans, rice, corn, or other crops, and some late 
plantings can be made on cotton land. A fe:-tilizer-type grain drill is recom-
mended, since fertilizers are generally needed. Commercial fertilizers are 
not generally available in China but are direly needed and efforts are being 
made to develop the industry. 
Soy beans are commonly planted following wheat, rice, corn, and cotton . A 
grain drill set for 18- to 2:1 -inch rows is very satisfactory for drilling beans . 
Corn, in the two - crops-per-year areas, is also planted following the wheat 
crop for late plantings, and on green manure land for early plantings. Accord-
ing to the moisture available, corn is planted on ridges, on the flat, or in 
trenches, 
Cotton is planted in the early spring usually on green manure land, or follow-
ing any of the main crops of the fall before, including cotton. Like corn it is 
planted on ridges or beds, on the flat or in furrows. 
Millet is raised to considerable extent in north China and in scattered sec-
tions in other parts. In the north it is often in rows l to 2: feet apart. It is 
sometimes grown as a catch-crop. A grain drill can be used to seed millet 
and a combine used for threshing seed . The seed is relished for food, 
Kaoliang is more common in north China and can be planted in rows by a corn 
planter and cultivated by a corn cultivator. It could be drilled by a grain 
drill in multiple rows and cultivated with a vegetable cultivator until too tall 
for such a machine. 
Green manure crops are principally broad beans, cow peas, donkey beans, and 
the like. They are planted in the fall following rice, corn, millet, and kaoliang 
in those areas where they can grow all winter. Some bean and pea pods are 
picked in the early spring for food, and the growth plowed under for planting 
rice, cotton, and corn. 
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19. Fields 
The successful and economical use of tractors and machines is influenced by 
the size, shape, and condition of the fields, Short fields increase the time 
lost in turning, and in some adverse situations turning time can be as much as 
field working time. Every effort should be made to reorganize fields into 
one unit where possible. Usually dikes and paths can be removed or lowered 
so the equipment can work over them, lf it is necessary to irrigate the field, 
borders can be quickly established With a homemade border drag. In most 
cases these borders can be used to replace the old high-bank dikes. P.lows, 
disk plows, and disk harrows have been found adequate equipment to level 
down dikes to combine small fields into larger ones. 
In using tractors and machines, especially in row crops, it is very convenient 
to have roadways or grassed strips between fields on which to make turns. 
Shovels on cultivators are difficult to maneuver through large plants of corn 
and cotton without serious damage to the crops. Grassed strips are also 
convenient for opening grain fields for harvesting. These strips can be used 
for field lanes and paths when necessary, and grass can be mowed and har-
vested from them. 
In south China, it is common to supply drainage along the edge of the fields 
by digging trenches. It is impossible to cross these with machines, but 
drainage can be provided by broad rounded water channels similar to those 
used along terraces. These channels can be grassed also if desired and the 
growth harvested. Plows, disk plows, harrow plows, middle busters, disk 
harrows, or homemade ditchers can be used to construct and maintain such 
drains, so special equipment is not necessary in most cases, 
20, Classifying Farm Machinery 
lmplements and machines are broadly classed according to general use, like 
tillage, planting, harvesting, and processing. When field operations to pro-
duce crops Under certain conditions are considered it is more convenient to 
subdivide the classification according to operations performed, like disposal 
of previous crop residues, primary tillage, secondary tillage, special prepa-
ration and tillage, planting, cultivating, harvesting, processing, and miscel-
laneous. 
There are many types of farming enterprises like vegetable products, row 
crops, sma ll grain, general crop production, specialty crops, etc. In making 
up a list of machines for a farming situation the implements may be separated 
into the following groups: (a) Basic implements for any farming situation; 
(b) Special treatment and tillage implements; (c) Row crop implements; (d) 
Small grain implements; (e) Processing machines; and (f) Miscellaneous 
equipment. 
a . Bas ic implements for any farming situation include moldboard plows and 
di s k plows , di s k harrows, and spike tooth harrows. The implements in this 
g r o up would include the common ones used for preparing seed beds for any of 
the crops. 
-r 
1 
Fig. 103 Cultivating sweet potatoes with a Farmall Cub outfit, 
Plants were set by using one - row transplanter , 
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Fig. 104 Farmall A tractor and A-192 plow doing as much work as ~ 
100 men with tieh pahs . 
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Fig. 105 The disk plow is a good implement to use after land has 
been g raded with heavy machinery, or if the soil is 
heavy and sticky , 
Fig. 106 The spring tooth harrow was more e£fective in breaking up 
fall plowing in the spring than a disk harrow. The Chinese 
system is to plow the second time, 
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b. ~I treatment and tillage implements include middlebusters for plant~ 
ing on the ridge or in the furrow, for preparing beds for two or more rows, 
for opening temporary field drains, and for preparing irrigation and drainage 
laterals; soil pulverizers which are used only when soil conditions are too 
cloddy or porous; mulchers for early cultivation and crust breaking; harrow-
plows for certain seed bed preparation, terrace work, and moderate bedding 
operations; and other machinery used primarily for special tillage conditions. 
c. ~ £LQP implements are primarily adapted to row crop production, 
although a grain drill can be used to plant many row crops, but it is not termed 
a row crop implement. -
d. Small ~ implements include the equipment primarily limited to small 
grain production. 
e. processing machines comprise threshers, corn shellers, rice hullers, 
feed grinders, and seed cleaners. Small cotton gins as well as other machines 
could be included, The farm tractor during slack periods, like in mid-winter, 
could furnish a source of power for processing farm crops and would make a 
profitable rural village enterprise. The crops produced on the farm usually 
can be marketed advantageously when processed, In addition, custom work 
can be done for other farmers in the village. 
f, Miscellaneous equipment mainly includes dusters and sprayers, fertilizer 
spreaders, wagons, and irrigation pumps, The modern tractor on rubber 
tires can be utilized for farm-to-market hauling by using a rubber tired 
trailer with box body. This same vehicle is very useful in hauling supplies to 
the farm, equipment and supplies to the field, and for hauling harvested grains. 
Irrigation pumping is one of the most difficult jobs to schedule for the farm 
tractor because pumping usually has to be done in the same period that the 
tractor is much needed for field work. By erecting an inexpensive shelter 
over the tractor and pump, pumping can be performed in rainy weather when 
most field work is impossible. Very often effective crop irrigation can be 
done during or following light rains, If the irrigated land is carefully pre-
pared and water control devices are constructed, the tractor can be utilized for 
night pumping when most field work, like harvesting and cultivating, is diffi-
cult. Normally, a 4-inch centrifugal pump will deliver at least 1 inch of water 
per acre per hour. 
Farm tractors are available in row-crop, standard, and track types with 
special types of these for special uses. Each type of tractor is offered in a 
range of sizes adaptable to practically any size farm enterprise, 
Zl. Farm Enterprise Situations 
ln Table 6 are tabulated nine farming situations for some of the different 
sizes of Far mall tractors. The examples given are primarily for illustrating 
how the machinery will fit into the production of crops under certain types of 
enterprises. The items of production operations, given in Tables 7 to 10, are 
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basic to establishing the acreages listed for each farming situation in Table 6. 
Table 6 shows the annual hours of use of tractors and implements in the par -
ticular farming situation. By the methods illustrated it is possible to analyze 
any desired farming program for the selection of proper and adequate power 
and implements to satisfactorily perform the production and handling of crops . 
It is necessary to analyze the peak load period of each situation in establish-
ing the acreages of crops and the farm acreage . Usually harvesting and culti -
vating will compete in a general farming situation. 1n producing two crops a 
year on some of the land, the peak load arises during the period, usually June, 
when wheat is harvested, the ground plowed and prepared into a seed bed, and 
the crops planted, with the cultivation of some of the earlier planted crops 
critically competing. Also, June in many areas is a wet month and the field 
working days may be little more thah one-half the calendar days. 
The farm enterprise situations given in Tables 6 to 10 are carried through 
for tractor farming farms only, with some custom work considered. It is 
felt that the use of tractors and implements can be applied to a Chinese 
village situation either for the e ntire series of operations or parts thereof. 
The program of AMOMO in various parts of China has indicated that Chinese 
farmers are anxious to have modern farm machinery and have been receptive 
to having work done for them at a fair price . Usually the custom work charges 
have been paid in kind, like 90 pounds of polished rice per acre for plowing, 
disking, and harrowing; about 4i per cent of the polished rice for hulling and 
polishing rice ; and about I 00 pounds of polished rice per acre for pumping 
irrigation water from seeding to harvest. 
22. Lists of Machinery 
The tractors, implements, and attachments described in Lists 1 to 6 are 
designated by the tractor which serves as the basic factor, as for example, 
Farmall C System, and the list composed of the various implements and 
attachments necessary to conduct farming operations under Situations VI and 
VU given in Table 9 . Specifications in all the lists are g iven for the machin-
ery according to catalog designations and descriptions so that the tractor and 
each implement will be complete and equipped with the necessary attachments . 
Each implement and attachment is placed under its classification. 
Since more than one farming situation is illustrated for each tractor system, 
the lists are inclusive of all implements needed for those situations. In 
Tables 7 to 10 the omission of any annual hours of use indicates that the par-
ticular implement is not selected for that farming situation. 1n making the 
list for an individual farmer or farm or village situation, the method of se-
lection would be similar , but only the machinery required for that particular 
enterprise would be shown. 
Great care is necessary in making up a list of farm machinery, as there are 
so many models and types to choose from. For example, a tractor often will 
have a wide choice of equipment for various kinds of !uel, tire sizes, etc. 
Plows have a vc..riety of types, sizes , and materials used . Tillage machines 
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can be equipped with a wide range of tools . Thus , soil, crop, and farming 
conditions all enter into the consideration . The assistance of the manufactur-
er or distributor should be enlisted to obtain the latest and most complete 
information and guidance in selecting a tractor and its complement of imple-
ments and attachments . Unless a manufacturer has had experience in a farm-
ing area, soil types and characteristics, topography, climate, and other 
factors must be considered in selecting implements. 
In the following tables, the term situation refers to the type of farm enter-
prise, like vegetable production or the production of small grains primarily, 
and others. -
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Table ? Annual Hours of Use of Tractors and Equipment Under 
Various Farming Situations -- Farmall Cub System 
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Operation Equipment used Capacity Annual hours use 
Ac ./Hr. for situation 
l ll 
Disposal of prev . crop Tandem disk harrow 4 - ft , 1,3 8 20 
residue . , .... . , 
Primary tillage , , , , Z-way rnldbd. plow 
I fui:_ . 12 - in. 
Secondary tillage , •. Tandem disk harrow 4-ft , 
Spike tooth harrow 
Z-sect, 25-T. 9 - ft . 
Special preparation & Harrow-plow 15-in. 
tillage ... , , , .. , Pulverizer 8 - ft, 
Mulcher l 0-ft. 
Planting : Vegetables; 
rice, wheat, millet ; 
cotton, corn, kao-
liang ••. •. 
Cultivating : 
vegetables; cotton , 
corn, beans, 
kaoliang . , .. , , .. 
Harvesting •..... . . 
Processing+ ....•.. 
Trenching, cultiv, shovels 
Vegetable planter 
2-3-4 - row 4 - ft, 
Grain drill l Z x 7 
ORF fertilizer 
Cotton & corn planter 
I - row 
Vegetable cultiv, 
2-3-4-row 4-ft . 
Cotton & corn cultivator 
I-row 
Potato digger 
Bean windrower 
Grain binder 6-ft. 
Mower 4i-ft. 
Threshing, stationary 
Rice huller 
Corn sheller 
Feed grinder 
Seed cleaners 
Miscellaneous ••• , • , Duster & sprayer 
Irrigation pump, 4-in. 
Hauling 
Spreaders, fertilizer 
• Small stationary thresher used for custom work. 
.25 
1.0 
2.7 
.4-3.0 
2.4 
2.0 
.3 
1 . 0 
.8 
.8 
.6 
.3 
.s 
1.0 
1.3 
80 
80 
60 
17 
10 
10 
20 
40 
I 00 
I 0 
30 
75 
160 
78 
67 
I 0 
10 
10 
14 
20 
21 
75 
I 0 
17 
6 
40 
35 
30 
20 
30 
40 
36 
40 
540 789 
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Table 8 Annual Hours of Use of Tractors and Equipment Under 
Various Farming Situations -- Farrnall A System 
Operation Equipment used Capacity Annual hours use 
Ac ./Hr. for situation 
III JV V 
Disposal of prev. Tandem disk harrow. 
crop residue .••• • 10- A 5-ft, 1.5 16 14 34 
Primary tillage • , •• 2-way moldboard plow, 
J-£ur, 16-in, 0.35 140 20·0 172 
Secondary tillage •.• Tandem disk harrow, 5 - ft, 1.5 64 94 80 
Spike tooth harrow, 
3 - sec. 70-T 15-ft. 5 .0 45 68 48 
Special preparation & Middlebuster 1 bot. l .0-5.0 20 16 16 
tillage, • , , •.•.• Pulverizer, 8-ft. 2.4 15 20 16 
Mulcher, 1 0 - ft, 2.0 16 20 25 
Planting: rice, wheat, Grain drill, 12 x 7 DRF, 
beans, millet; fertilizer 1.6 28 59 18 
cotton, corn, kao- Cotton &. corn planter, 
liang . . . .... , .• 1 - row, 3611 0.8 20 38 
Cultivating: beans; Vegetable cultivator, 4-row 
cotton, corn, kao- 21 - in. 1.2 30 60 50 
liang, •.•. , , , . • Corn & cotton cult., 1-row o.6 80 125 
Harvesting:* rice, Harvester - thresher, 
wheat, beans, mil- 5-ft. cut 1.0 36 72 30 
let; corn, kaoliang • Corn picker, 1 -row o.6 15 25 
Cultivator, bean harvester 
attachment 0.5 18 40 20 
Mower, 5 - ft. 1.5 10 10 10 
Processing**· •. • . Rice huller 30 
Corn sheller No. 30 26 
Feed grinder 8-in. C 12 
Seed cleaners 24 
Miscellaneous ... . . All - purpose truck 50 72 65 
Duster-cotton & beans 30 40 40 
Irrigation pump 60 120 l 00 
Total hours 785 905 912 
* Corn picker ownership warranted by doing custom work. 
** Processing machines could profitably be used for custom work. 
Note: Situation III has about 158 hours' work in June, the heaviest month. 
This is about all available time, due to rains. 
Situation IV has about 150 hours' work in June. with cultivation of part 
of soy beans, 
Situation V has about 163 hours' work in June,with all plowing done 
before June, 
Table 9 Annual Hours of Use of Tractors and Equipment Under 
Various Farming Situations -- Farmall C System 
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Operation Equipment used Capacity Annual hours use 
Ac./Hr. for situation 
VI VII 
Disposal of prev . Tandem disk harrow. 
crop residue .... 10-A 5-(t. 1 .5 57 40 
Primary tillage . .. , Moldboard plow, 
2-fur. 12-in, .ss 146 182 
Secondary tillage • . • Tandem disk harrow. 5-(t, 1 .S 107 133 
Spike tooth harrow, 3-sec. 
90 - T. 15 - ft. s.o 64 80 
Special preparation Middlebuster, 2-bot, 1.0-5 ,0 25 25 
and tillage •• • ••• Pulverizer, 8-ft. 2 .4 20 30 
Mulcher, 10-ft , 2.0 23 25 
Planting: wheat, Grain drill, 12 x 7 1,8 20 25 
beans, millet; Cotton and corn planter, 
cotton, corn, 2-row 1.7 27 30 
kaoliang •• , , • •. 
Cultivating: beans, Vegetable cultivator, 4-row 1.2 40 40 
cotton, corn, Corn and cotton cultivator, 
kaoliang . , .•.• , 2-row 1.2 11 5 125 
Harvesting: wheat, Harvester-thresher, 
beans, millet; 5-ft. cut I .O 36 so 
corn, kaoliang .•. Corn picker, I - row .6 25 34 
Cult. bean harv. att. .s 20 20 
Corn binder, I - row ,8 13 13 
Mower, 5-ft, cut 1,5 20 30 
Processing• •.• . •• Corn sheller. No. 30 25 40 
Seed cleaner 20 30 
Miscellaneous ••... All-purpose truck 80 100 
Duster -cotton & beans 40 40 
Total hours 923 1092 
•Additional crop processing work can be obtained by doing custom work and 
increasing the kinds of work done. 
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Total 1 0 Annual Hours of Use of Tractor s and Equipment Under 
Various Farming Situations -- Farmall H System 
Operation Equipment used 
Disposal of prev. Tandem disk harrow, 8 -ft, 
crop residue , • .• 
Primary tillage,. ,. Moldboard plow, 2-fur. 
14-in . 
Secondary tillage .•. Tan. disk har,, 8-ft, 
Spike tooth harrow, 4-sec, 
120 T. 18-It. 
Special preparation Middlebuster, 2 -bot. 
and tillage , . , . , . Pulverizer, 1 0-!t, 
Mulcher, 12-ft, 
Planting : rice, Grain drill, 16 x 7 
wheat, beans, mil- Cotton and corn planter, 
let; cotton , corn, 2-row 
kaoliang • , • , , •• 
Cultivating: beans, C. & C. c ult, tool bar att,, 
cotton, corn, 4-row 
kaoliang .• . , . , . Cotton & corn cultivator, 
2 -row 
Harvesting: rice, Harvester-thresher, 6-ft. 
wheat, beans, mil - cut 
let; corn, kaoliang. Cult. bean harv. att,, 
Corn picker , 1-row 
Corn binder 
Mower, 6-ft. 
Windrower, 6-ft. 
Miscellaneous, . . • • Duster 
All-purpose truck 
Total hours 
Capacity Annual hours use 
Ac,/Hr. for situation 
2.4 
.75 
2 .4 
6.5 
1.0-5.0 
4.0 
3.0 
2 .5 
1.7 
1.5 
1.2 
1.5 
.5 
.8 
.8 
1.7 
1.7 
Vil! IX 
63 
165 
71 
50 
22 
30 
52 
40 
40 
180 
60 
30 
38 
13 
20 
25 
50 
150 
1195 
42 
267 
150 
123 
60 
40 
40 
44 
53 
54 
225 
74 
40 
100 
13 
30 
36 
40 
180 
1611 
Note: Situation VIII has about 190 hours ' work in June, and Situation IX about 
175. Either the location must be where weather is favorable, or longer 
hours per day must be put in. Usually there are two operators in 
situations like these. 
List No. l 
FARMALL CUB SYSTEM 
Tractor, Implements, and Attachments Required for 
Crop Production Situations I and II 
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Farmall Cub tractor, gasoline burning, with 7 x Z4-inch r ear and 4 . 00 x 12-
inch front tires, front and rear wheel weights, adjustable front axle, spark 
arrester and muffler, drawbar and swinging drawbar, universal mounting 
frame, master control, belt_pulley, and power takeoH. 
Basic lrnplements for Any Farming Situation 
Moldboard plow, Cub-193 one-furrow one-way, 12-inch with combination 
rolling coulter and jointer, and one extra share; or 
Moldboard plow, Cub-189 one-furrow two-way, equipped as above. 
(Preferred for rice production and irrigated vegetables.) 
Disk harrow, tandem, Cub- Z3A, 16-inch disks, with scrapers. 
Spike tooth harrow, closed end, 3 - section, 75-tooth, with drawbar. 
Special Preparation and Tillag e lrnplement s 
Harrow plow, Cub-120, two 24-inch disks, with scrapers, 15-inch cut. 
Mulch er, No . 6, I 0-ft . 
Pulverizer, double gang, 8-ft. 
Row Crop implements 
Planter, cotton and corn, Cub-170, 1-row, reverse feed cotton hopper, bedding 
and furrowing equipment, marker, seed pla t e bundles for corn, cotton, beans, 
sorghums, and blank; with fertilizer attachment. 
Planter, vegetable, Cub-474, four-row, shoe-type marker. 
Cultivator, cotton and corn, Cub-144, I-row, with Nos. I and 53 ground tool 
combinations, No. 8 jockey arch, No. l potato billers, bean harvester 
atta chment. 
Cultivator, vegetable, Cub-447, 4-row, regular sweeps and duck feet, with 
9-inch disk weeder attachment. 
Potato digger, No. 17 PD 
Small Grain lrnplements 
Grain drill, ORF fertilizer type, 12 x 7 zig zag s ing le disk, with marke r and 
tractor hitch, power lift. 
Grain binder, 6-ft. cut, tractor hitch, equipped for rice, wheat. 
Mower, Cub - 22, 4f-ft. cut. 
Dwnp rake, type M, 25 teeth, 8-ft. with tractor hitch. 
Processing and Miscellaneous Machines 
Threshing machine, 20-in, cylinder, equipped for rice , wheat , beans, and 
sorghwn (kaoliang); 30-ft. driv e belt, 
192 
Corn sheller , No, 30. 
Feed grinder, type C, 8-in. 
All-purpose (arm truck and steel box, rubber tires. 
Manure spreader, No, 100. 
Row crop duster, tractor mounted. 
Rice huller and polisher, 
Seed cleaner with assorted screens, elevator, pulley, 
Irrigation pump, 4-inch centrifugal·. 
List No, 2 
FARMALL SUPER-A SYSTEM 
Tractor, Implements, and Attachments Required for 
Crop Production Situations III, IV, and V 
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Farmall Super-A tractor, gasoline burning, with 8 x 24-inch rear and 4,00 x 
15-inch front tires, front and rear wheel weights, adjustable front axle, 
spark arrester and muffler, drawbar and swinging drawbar, universal 
mounting frame, Touch-Control lift, belt pulley, and power take-off, 
Basic Implements for Any Farming Situation 
Moldboard plow, A-193 one-furrow one-way, 16-inch with combination rolling 
coulter and jointer, and one extra share; or 
Moldboard plow, A-189 one-furrow two-way {for irrigation and contour 
farming), 16-inch with combination rolling coulter and jointer and one set 
extra shares. 
Disk harrow, tandem, 10-A 16-inch with scrapers, 5-ft. 
Spike-tooth harrow, closed end, 3-section 90-tooth, with drawbar . 
Special Preparation and Tillage Implements 
Middlebuster, A-16 one-furrow (for drainage and bedding). 
Soil pulverizer, double gang, 49-4 / 5 with tractor hitch. 
Harrow plow, A-12-0, three 24-incb disks, with scrapers, 22-inch cut, 
{for north China wheat area; and contour farming and terraces.) 
Row Crop Implements 
Planter, cotton and corn, A-170, one-row, reverse feed cotton hopper, disk 
billers, runner opener, shoe-type marker, seed plate bundles for cotton, 
corn, beans, kaoliang, and blank; with fertilizer attachment. 
Cultivator, cotton and corn, A-144, one-row, with No. 1 ground tool equip-
ment, and bean harvester attachment. 
Cultivator, vegetable, A-474, four-row, 6-inch knife weeders and rear c;iuck 
feet; with disk weeder attachment (for beans, etc.). 
Corn picker, one-row wagon hitch, power take-off. 
Small Grain Implements 
Grain drill, ORF fertilizer type, 12 x 7 zigzag single disk, with marker and 
tractor hitch, power lift. 
Harvester-thresher, 52-R, 5-ft . , power take-off, grain tank equipment. 
pick-up attachment, edible bean attachment. 
Mower, A-21, 5-ft. cut, power drive. 
Processing and Miscellaneous Machines 
See Farmall Cub list for equipment descriptions, 
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Fig. 107 Farmall A and 3 -section spike tooth harrow. Due to lack 
of humus, clods are difficult to break up . This operator 
had been a Chinese manual farmer all his life. He readily 
learned to care for machinery and to operate it. 
Fig. 108 F.our-row vegetable planter used for drilling jute in 20-
inch rows, One of the shop apprentices learned to be lion 
operator. 
List No. 3 
FARMALL C SYSTEM 
Tractor, Implements, and Attachments Required for 
Crop Production Situations VI and VII 
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Farmall C tractor, gasoline burning, with 9 x 36-inch rear and 4.00 x 15-inch 
front tires, front and rear wheel weights, spark arrester and muffler, 
swinging drawbar, universal mounting and hitch frames, Touch-Control 
lift, belt pulley and power take-off. 
Basic Implements for Any Farming Situation 
Moldboard plow, two-furrow one-way, 12-inch with combination rolling 
coulter and jointer, and one extra share. 
Disk harrow, tandem, 10-A 16-inch with scrapers, 5-ft. 
Spike tooth harrow, closed end, 3-section 90-tooth, with drawbar. 
Special Preparation and Tillage Implements 
Middlebuster, 2-furrow, 14-inch (for bedding and trenching). 
Soil pulverizer, double gang, 49-4/5 with tractor hitch. 
Mule her, 10-ft. 
Row Crop Implements 
Planter, cotton and corn, two-row, reverse feed cotton hoppers, disk 
hillers, runner openers, shoe-type marker, seed plate bundles for cotton, 
corn, beans, kaoliang, and blank; with fertilizer attachment. 
Cultivator, cotton and corn, two-row with No. l ground tool equipment, and 
bean harvester attachment. 
Cultivator, vegetable, four-row, 6-inch knHe weeders and rear duck feet; 
with disk weeder attachment (for beans, millet, etc.). 
Corn picker, one-row, wagon hitch, power take-off. 
Corn binder, one-row, ground drive, bundle carrier, tractor hitch. 
Small Grain Implements 
Grain drill, ORF fertilizer type, 12 x 7 zigzag single disk, with marker and 
tractor hitch, power lift. 
Harvester-thresher, 52-R, 5-ft., power take-off, grain tank equipment, 
pick-up attachment, edible bean attachment. 
Mower, 5-ft., power drive. 
Processing and Miscellaneous Machines 
Corn sheller, No. 30, 30-ft. drive belt. 
Seed cleaner with assorted screens, elevator, pulley. 
Row crop duster, tractor mounted. 
All-purpose farm truck and steel box, rubber tires. 
See Farmall Cub list for additional machinery description . 
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List No. 4 
FARMALL H SYSTEM 
Tractor, lmplements, and Attachments Required for 
Crop Production Situations VIII and lX 
Farmall H tractor, gasoline burning, with 10 x 38 - inch rea r and 5,50 x 16-
inch front tires, first wheel weights front and first and second wheel 
weights rear, swinging drawbar; selective hydraulic lift, belt pulley, and 
power take-off, (Spark arrester if sheltered processing work.) 
Basic lmplements for Any Farming Situation 
Moldboar d plow, H-86 , one-furrow, two - way, 18-inch with combination rolling 
coulter and jointer, and one set extra shares. 
Moldboard pl ow, No. 8 Genius, two- furrow, 14-inch with combination rolling 
coulters and jointers, safety rel ease. 
Disk harrow, tandem, I 0-A, 18-inch disks with scrapers, 8 - ft. 
Spike tooth harrow, closed end, 4-section 120-tooth, with drawbar. 
Special Preparation and Tillage Implements 
Middlebuster, two-furrow, 14-inch, H- 10 , 
Soil pulverizer, double gang, with tractor hitch , 
Mulcher,· weed, 12 - ft . 
Row Crop lmplements 
Planter, cotton and corn, JD.A:-100, two-row, runner openers, disk billers, 
marker, seed plate bundles for cotton, corn, beans, kaoliang, and blank; 
with fertilizer attachment HM-45, 
Cultivator, cotton and corn, fThll-236, two-row with No. l ground tool equip-
ment, bean harvester attachment, and tool bar attachment for beets, beans, 
etc., 4-21 in . rows. 
Corn picker, one-row, wagon hitch, power take - off. 
Corn binder, one-row, ground drive, bundle carrier, tractor hitch , 
Small Grain Implements 
Grain drill, ORF fertilizer type, 16 x 7 zigzag single disk with marker and 
tractor hitch, power lift. 
Harvester-thresher, 62-R, 6-ft. power take-off, grain tank equipment. 
Wind rower, 6-ft., power take-off, tractor hitch. 
Mower, 6-ft., power drive. 
Processing and Miscellaneous Machines 
All-purpose farm truck and steel box, rubber tires, 
Duster, tractor mounted . 
See Farmall Cub li s t for additional machine descriptions. 
List No. 5 
FARMALL M SYSTEM 
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The Farmall M is tbe largest of the row- crop tractors and it enables the 
operator to deliver the maximum output per day in a row crop enterprise, 
Following are some of the implements used with the Farmall Mand their 
capacities in acres per hour under normal north China conditions: 
P l ow, 3 bottom 14- Ot" 16-inch. , . , , • , •.. , , . 
Disk harrow, tandem, 10-foot , . , . .•. , ... , . 
Peg tooth harrow, 6-section 180- tooth, 30 feet , , 
Planter , 4-row., •• .... ,., ..... ,. ,.,. , 
Cultivator, 4-row .... , . , , , •. .. , ...•... 
Middlebuste r and ljster, 4-row.,.,,.,,,.,, 
Corn picker, 2-row, . .. ..•.. .•..... , .. . 
Harvester-thresher combine, 12-foot., .. , .. . 
Capacity, acres per hour 
1-1 /4 
3-1/2 
15 
4 
5 
4 
2 3± 
A general farming situation involving 240 or more acres could be planned 
for a Farmall Min the same manner as the Farmall H Systems . 
List No. 6 
OTHER IMPLEMENTS AND MACHINES 
There are many types o f farm implements and machines available for 
o rdinary farm operations and for special crops o r conditions . Following 
are listed the major implements and machines taken to China by the Com-
mittee and not included in previous lists: 
Hay press, belt power 
Corn busker - shredder, Z-roll 
Transplanter, Z- row 
Potato planter, 1 - row 
Lime spreader, trailing-type 
Lime sower, 8 - foot 
Endgate seeder 
Gasoline engines, 1± and 3-5 H.P. 
Pumps, centrifugal, 1± and 3-inch 
Hillside wa l king plows 
Potato digger attachment and peanut attachment for walking plow 
Seed treater 
Additional machinery which is commonly used: 
Ensilage cutter 
Hammer mill 
Beet pullers 
Cane or sorghum tools 
Dairy equipment 
Hay machinery 
Stalk cutter 
One-hole corn sheller 
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Fig. 109 All-purpose farm truck used to transport combined wheat 
to grain dryer and storage bin . A very handy vehicle . 
Fig. 11 0 The T0-6 furnishes secure power for plowing Ber muda 
sod in land deserted fo r l 0 years . 
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IX. SOIL AND WATER CONSERVATION 
I. Chinese Land 
Over the centuries trillions of Chinese people have helped form the topography 
of China, The people are virtually a part of the soil. Limited acreage, ex-
cessive population crowded onto the land, and primitive agricultural methods 
bear evidence of man 1s struggle to wrest materials for food, shelter, and 
clothing from the soil. -
Most of the soils of China have been farmed for many centuries, some aban-
doned, and some reclaimed, There are areas where unfavorable conditions 
prevail at times, causing famine and suffering. Floods and drought in certain 
localities are as old as China's history, yet these areas most of the time 
yield the people the necessities commensurate with their desires , Because 
China's agriculture is primarily based on manpower and limited animal 
power, it is quite easily understood why the most lucrative lands receive 
attention . A (armer with hand tools, or even an animal or two, is limited in 
the acreage he can tend, He will thus avoid areas where the return is low 
per unit area. There are large areas in China where rainfall is too s'cant to 
supply a sufficient return under small-scale muscle agriculture, These 
areas might be termed marginal and could be compared to the great plains in 
the United States. With larger units o( power and machinery at his command, 
the agricultural worker can cultivate large tracts o( marginal land in order to 
obtain su£ficient production. 
ln order to approach the soil and water conservation practices as related to 
the use of power and machinery in China, it is necessary to study carefully 
the various (actors involved in such work. ln this report, only broad consid-
erations will be given, as our time did not permit detailed studies or estab-
lishment o( soil and water conservation projects. 
2. Classification o( Soils 
The classification o( China 1s soils is very complex, but they can be divided 
into two great classes; those which are calcium carbonate (lime) forming, 
and those which are non-lime forming. North of the Hwai river, where rain-
fall diminishes toward the north, the soils tend to be rich in lime and soluble 
plant nutrients, permeable and quite friable. ln the Yangtze Valley and south, 
where rainfall increases toward the south, many soils are leached and low in 
organic matter. They are heavy textured, stiff, and low in fertility unless 
renewed by £1ood deposits. 
North China soils are mainly calcium carbonate accumulating types and 
include tall grass area soils, chestnut brown soils, and light-colored desert 
soils. The tall grass area soils deepen in color as the organic residue 
increases . In some places they are similar to the black prairie lands in the 
United St.ates, when lime accumulations do not exist. These soils are among 
zoo 
Fi g . 11 I L e velin g land with TD-6 Crawler Tractor and bullg rader. 
To p soil wa s windrowed, the n re s pread after g rades w e r e 
esta bli shed i n subsoil. Pot holes, shell holes , and old 
building foundation s were removed from this pi ece of land, 
F i g. 112 When t h e soil gets too dry a nd hard for a moldboa r d p low , 
the l -furrow d i sk p low with I disk r e m oved can be used 
e£fectively . T h is fie ld was g r aded with the T D -6 . 
lOl 
the most fertile Jn the-world, but in China they occur in regions where rainfall 
is almost too scarce for agriculture. Some of these regions are marginal, and 
by inadequate agricultural methods some are sub-marginal. Modern agricul-
tural equipment and methods enabling the agricultural worker to increase the 
area worked per unit of time and energy would make vast areas in north China 
into profitable farm lands. Such areas would be similar to the lands in parts 
of the western United States. Where irrigation facilities can be established, 
such developments would stabilize agriculture in the region. Dry-land agri-
culture in the western United States is stabilized by irrigation agriculture 
interspersed with it. 
Chestnut-colored soils are found along the drier edges of the long grass soils 
and are characterized by short grass vegetation, The soil is fertile but dry-
farming methods are necessary except in those few places where irrigation 
water can be obtained. These areas of chestnut-colored soils can be likened 
to the areas of our own "dust bowl". Soil conservation practices are very 
important in such soils if the grass is plowed under or overgrazed. 
The famous loess deposits are in north China, through which the 2700-mile 
long Yellow river passes. The barren, easily eroded loess soil loads the 
torrential upper stream with yellow silt which settles out when the river 
flows through the more level lower reaches . These silt deposits have raised 
the river bed above the surrounding land, and attempts are made to retain the 
channel between dikes, During flood sta8e some of the stream flow is into a 
series of lake beds; thus thousands of square miles are flooded. 
Dust storms are frequent in the loess area, indicating that the process of 
soil formation is still going on , The thickness of loess formation varies 
from a few feet to more than 300 feet in some places, A large part of the 
area is under cultivation but serious erosion restricts land use, Runoff re-
tardation, grassing, and aforestation would aid in checking erosion in the 
rolling lands, and soil-conserving practices in the farming areas would assist 
in preventing erosion of the tilled fields, 
The flood plains of north China are covered with calcareous alluvium ranging 
from sand to clay in composition, with the silty soils the most productive, 
Some of these deposits range from a few inches thick up to six feet or more. 
When the Yellow river dike was breached just prior to World War II, about 
l .5 million acres of farm land was flooded, depositing silt up to 15 feet thick 
on some areas. A gigantic land reclamation project awaits execution in this 
now practically virgin area, to re-establish farms there. Due to obliteration 
of obstacles, the area can utilize modern farming methods, which were com-
menced to some extent by UNRRA just preceding China's civil strife in the 
area. 
In May 1947 two members of the Committee visited the Yellow river flooded 
area and inspected parts of the area with UNRRA and CNRRA technicians and 
officials, and saw the inauguration of the use of tractors and implements on 
the land, Farmers were returning to the area by the hundreds and were 
anxious to get the land reclaimed and into production, 
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Alkaline and saline soils are widespread in north China. The wet season is 
too short to flush out the dry period accumulation of salts. Adequate irriga-
tion water with deep drainage can be used to flush out salinity. Irrigation 
developments have many times raised the water table and ruined the soil, The 
water table must be retained at a low level by subsoil drainage wherever such 
drainage can be installed, 
South China is composed mostly of non-lime-forming soils and resembles our 
eastern soils. They include upland soils, clay pans, and alluvium. The pre-
cipitation increases toward the south in China. and this affects the soil ' char-
acteristics. 
Upland soils include leached forest soils, and red and yellow soils . They 
occur on either side of the lower Yangtze river and other scattered locations 
in south China. The leached forest soils are usually brown and gray-brown 
in color. Much of China's forests were destroyed or rather cut for fuel during 
the war and young trees and brush are chopped off for fuel. Aforestation and 
forest management are needed to recover the growth on many of China's 
barren hills. Larger trees would yield more fuel than the brush and grass now 
harvested, 
Old wihd-laid deposits derived from flood and lake plains in central China are 
usually on clay pan varieties of soils and are also brown and gray-brown in 
color, like upland soils, and are well suited to cultivation if not on too steep 
slopes. 
Where rainfall exceeds 40 inches annually and there is little or no freezing 
weather, red and yellow soils are developed. Red soils are of little agricul-
tural value because their colloids have no ability to retain fertility. Sheet 
erosion and gullying are severe where the land has been cleared . Scant crops 
of tea, tWlg oil trees, and fuel growths have been grown on red soils. Yellow 
soils are better then red soils and will produce tea, tung oil treeS, forest, 
rice, and wild grass. 
Alluvium from streams forms another type of south China soil. The largest 
areas are at the mouth of streams, the most famous being the Yangtze Delta 
around Shanghai. Overflowing streams deposit rich soils in· numerous other 
localities. These soils V8'l'Y from sands to fine clays, with silty soils the 
nost desirable for agriculture. 
Rice paddy soils are formed on lowlands and on terraced hillsides where an 
artificial clay pan can be developed and in places where drainage is poor. 
The clay pan is usually developed by irrigation and puddling, and the soils 
may be either acid or non-acid. Most rice paddy soils produce wheat in 
winter with some green beans and peas produced for food and fertilizer. 
Nearlv all rice paddy soils are heavy and sticky when moist and very hard 
when dry. They are very hard to pulverize into seedbeds for crops other 
than rice, as clods will not shatter. Too much disking of plowed groWld tends 
to continue to turn up clods. Spiketooth harrowing is required many times, at 
least six to eight, before a seedbed is prepared suitable for planting. The 
Chinese farmer poWlds this soil to pieces with the back of his ''t'ieh pa.h 11 • A 
great amount of time and energy is expended on reducing such soils to seed-
beds. Sometimes when the moisture content is just right, the soil will pul-
verize quite readily, but this period is so critical that it lasts only a day or two. 
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The soils of most of south China require organic matter to improve their 
texture and workability, and fertilizers are needed to correct their plant 
nutrient deficiency. ln most places fuel is so scarce that practically all 
leaves and stems are removed and roots dug for fuel before the season is 
over. Thus, crops intended for organic matter most of the time end up as 
fuel for home fires for cooking, as few Chinese use heat for other than cook-
ing purposes. Much of the vegetation in China is cut for fuel, including 
grasses. Few livestock are produced in China, except swine, because the 
competition between livestock fodder requirements and fuel needs is so keen 
that the livestock would get little fodder. Much power and labor is required 
to till the organic material-starved soil and to pound it into a ssed bed. 1n 
practically all of south China the temperature and moisture conditions are 
ideal for reducing organic materials, and much benefit to soil texture and 
fertility could be derived from utilizing plant growth for this purpose. 
[n China, in general , there are thousands of acres of abandoned land, aban-
doned because of poor crop yields or on account of severe erosion. Poor 
crop yields are caused by lack of fertility and inadequate precipitation, The 
use of fertilizers has, in some cases, shown as much as 100 per cent increase 
in crop yields. Humus in the soil would aid in receiving and retaining mois -
ture in the soil, help to prevent erosion, and improve the workability o f the 
soil so it would reqWre less tillage . Where water resources can be developed, 
irrigation facilities could be installed and agriculture placed on a secure basis. 
Soil-conserving measures and water and wind erosion control practices would 
increase agricultural production, Modern agricultura l machinery and methods 
would make such practices feasible, where, by present manual or muscle 
agricultural methods, the output is too limited to make the attempt. Strip 
cropping and contour farming is carried on to some extent but should be in-
creased. 
2. Terracing 
Terraced land in China amounts to about one-fourth of the cultivated area and 
is common in south China rice paddies and north China wheat fields. Prac-
tically all the terraces are bench type, Even though some farming started on 
the contour, soil tillage over the centuries moved the soil down the slope, 
finally resulting in bench terraces. Some evidences of this process were ob-
served principally in Szechwan Province. Nowhere else in China is so much 
land terraced within an area , Even slopes of 45 degrees have tiny strips of 
bench terraces resembling steps on the slopes. A view down on the China 
landscape fr om the air portrays a vista resembling a jigsaw puzzle. Terraces 
are crossed by field boundaries, ownership boundaries, paths , roads, and 
ditches. Much of the terracing on moderate slopes gives the impression that 
the tiny paddies could not adapt themselves to modern equipment, yet it soon 
becomes apparent that the terraces follow contours and that i£ the cross ob-
structions of paths and borders were removed, long narrow fields or strips on 
the contour could be obtained. 
There are many places in China where terracing should be adopted. The 
Forestry Bureau of the Ministry of Agriculture and Forestry has constructed 
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demonstration broad base terraces in a few places with good results. These 
terraces were quickly built with tractors and plows and harrow-plows. Ter-
race construction is difficult without proper equipment and power. By hand 
and animal power it requires years to accomplish terraces on the Chinese 
farm. 
3. Irrigation 
Nearly half the cultivated land in China is irrigated. All rice land is irrigated 
and there is relatively a small percentage of irrigated land which does not 
produce rice. About one-third of agricultural China is in rice production each 
season and thus, roughly, one-sixth of the irrigable area is in other crops as 
wheat , soy beans, corn , cotton, millet, and kaoliang, but these latter crops 
may or may not be irrigated, depending upon available water. Rice receives 
the water first. 
Irrigation water is obtained from stored surface water, rivers, and streams, 
and shallow and deep wells. Since rice is primarily produced in south China, 
the largest source of irrigation water is from stored surface water, because 
precipitation run-off can be frequently collected. The country is interlaced 
with many streams, canals, and drains which all furnish a source of water, 
and a means of transportation very common in much of south China, Each 
farm may have one or more tiny ponds located on it. Villages often have 
several small ponds, and if conditions permit they have a large one from which 
water can be obtained by all farmers in the village. During dry periods it is 
co'mrnon to see farmers whose lands are above the village ponds carry water 
in pails on carrying poles to their fields after their small farm ponds have 
gone dry. The farm ponds collect considerable silt, and this, mixed with the 
vegetative growth in the pond, is removed periodically as a fertility dressing 
for the fields. 
ln Szechwan Province it is a common practice on the steep slopes to store 
irrigation water on part of the rice paddies and let it down to the lower paddies . 
Actually part of the paddies are in water fallow in the winter. 
4. lrrigation from Streams 
Every river and stream that the farmers, by their own devices, can utilize 
for irrigation are made use of. Gravity flow is used wherever feasible , al-
though there are many places where developments await public assistance. 
The gravity flow s upply from the Min river supplying the world-famous, 2,ZOO-
year-old Tukiang yien Irrigation Project on the Chengtu plain was visited in 
1947. A natural rock and g ravel bar in a bend of the river is augmented by a 
coffer dam of s o-called ''bamboo sausages 11, which are long bamboo baskets 
filled with stones . This water-diversion device s.upplies water into the canals 
to irrigate 500,000 acr e s of land. The project is credited to Li Ping, a Chinese 
engineer, and his s on Er Wang, who lived some twenty-two centuries ago. 
Water is pumped from rivers but is primarily limited to low heads, usually 
about 15 feet, because the water-lifting equipment will work only at very low 
heads. We have been advis ed that there are thousands of acres in China that 
could be irrigated if pumping equipment were available for lifting water from 
ZS to 40 feet above the r ive r s upply. 
Fig. 113 Bamboo-bow well-drilling rig. The drilling 
rod of lapped bamboo strips is here being 
withdrawn from the bore . About six months 
were spent reconditioning this war-damaged 
well of 300 foot depth, NARB. 
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Fig. 114 A large-diameter bamboo water wheel lifting 
irrigation water from a river. Bamboo tubes 
serve as cups to dip the water, which is dumped 
into trough at the top . Second wheel can be 
seen at extreme right. 
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5. Shallow Well Irrigation 
Shallow wells have been utilized to a limited extent for irrigation in China. 
There are very few deep irrigation wells because there again equipment to 
construct them and pumps to lift the water have been obtained in but few 
instances. ln 1947 the Agricultural Rehabilitation Division of UNRRA issued 
a report on 11lrrigation Requirements in North China 11 , This report points out 
that there is suitabl e water for well irrigation in the alluvial fan which lies 
between the mountain ranges and the North China plain. The main areas are 
around Peiping, south along J:he Ping-Han Railway to Shih Chia Chuang and 
Ha.tan, and in the coasta l area northeast of Tientsin and in wester·n Shantung 
Province. 
Shallow wells vary in diameter and depth , but since they are dug wells they 
are seldom less than 30 inches in diameter . The depth usually does not ex -
ceed 50 feet, the most preval ent depth being from 13 to 20 feet. Bricks and 
stones are most commonly used £or lining, although timbers are used when 
available , to prevent caving. In some places the soil formation is stable 
enough to stand without lining except a £ew feet near the surface. It is re-
ported that the Japanese planned to construct 700,000 shallow wells for irri-
gation in north China , and it is estimated that about one-third of this number 
were completed. 
6, Deep Well Irrigation 
Deep wells are possible in north China but have been developed very little 
due to the high cost of construction and pumping equipment . Deep wells re-
quire drilling or digging machinery in order to reach the ~ater-bearing 
strata at depths of more than 50 feet, often to depths of 500 feet. Artesian 
water suitable for irr i gation is obtainable many places at depths of 150 to 500 
feet. Drilling at spots over much of the area described above has shown that 
artesian water exists. The report lists data for IO-inch wells at 30 points 
which are located principally in the Manchurian plain, the plains of central 
and southern Hopeh down to northern Hanan , including the western fringe of 
Shantung, areas around the Wei Ho in Shensi, along the Feng Ho in Shansi, 
and along the Yellow river bend in Suiyuan Province. Around Peiping the 
water rises above the ground surface and can be used directly for irrigation. 
Most of these artesian wells are two inches in diameter and are constructed 
by local bamboo-drilling outfits. Usually 300 feet is the maximum depth for 
this type of rig, which consists of bending over bamboo poles with rope in the 
form o[ a bow which gives a spring to the bamboo strip drilling rod tipped 
with steel. The Japanese had ten large drilling machines and six core-boring 
machines which worked in the deep well area. UNRRA furnished a number of 
well-drilling rigs in the area which have been quite successfully utilized. 
Native drillers who have used the bamboo rigs readily learn to operate the 
mechanical rigs. 
" 
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7, Lilting Irrigation Water 
Water is lifted to the land by many methods, varying from the most primitive 
to the use of modern pumps. Water is dipped in pails and carried , usually 
two at a time, on a car r ying pol e, to the field where it is either ladled out to 
the crop or emptied into furrows. Swinging a pail on ropes held between two 
people is a l so used. One rope suspends the pail, and another rope tips it £or 
filling in the stream or pond. As the pail swings out over the irrigation ditch 
it is dumped by the latter rope. Good coordination of effort is needed to make 
this system work. The bucket and windlass is another system and is improved 
when two buckets are used fastened to ropes wound in opposite directions 
around a drum so one pail is r aised as the other is lowered. Large - diameter 
wate r wheels in rivers are frequently used, These wheels are usually made of 
bamboo and the bamboo cups spill the water into a trough, The stream flow 
revolves the wheel, 
8 , The Water-Ladder 
Water-ladders operated by manpower or animals are the most generally used 
water-lifting device in China. They are constructed entirely of wood, although a 
little metal may sometimes be used if it is available. The mechanism consists 
of a wooden link chain, with paddles attached to it, which operates over upper 
and lower sprocket wheels. The chain is dragged up a trough, usually about 12 
feet long, each paddle pushing a little water which spills out the top. T he 
diain, which res embles a drag link grain elevator, returns between guides to 
the lower sprocket . Water ladders are limited to low lifts from streams or 
ponds, because the water slips back down around the paddles and a steep angle 
would increase the loss of quantity. Lifts are seldom over 3 or 4 feet. 
Sizes vary from two- to s ix- or eight- man machines, to the buffalo- sweep 
operated machine. The man- drive mechanism has the upper sprocket mounted 
on a pole which serves as a shaft into which foot stubs are driven, these being 
pushed around by stepping down on them . Each person has a set of stubs which 
have steps on them. The stubs are alternately spaced so one or more of the oper-
ating crew always has contact with the drive to prevent the ladder from re-
versing due to the weight of the water. The operators, often a family, hang 
over a rail by their lower chests and upper arms while 1\valking11 the ladder 
drive. 
The buffalo - sweep for operating a water-ladder is normally built entirely of 
wood, the sweep wheel b e ing about 12 feet in diameter, with cog spokes in the 
rim which engage in a pinion on the water-ladder upper sprocket s haft. The 
buffalo pulls on a pole and walks in a circle, usually under a large straw-
thatched 11umbrella11 , Two animal sweeps are larger and heavier than the one-
animal outfit . The c os t of a water-ladder and one buffalo - sweep is around 
the equivalent of $1 DO.DO U.S. 
One three-stage water-ladder installation was observed n ear Nanking. Two 
ladders, operated by manpower, lifted the water in two stages from the river, 
each stage being about 4f feet. A buffalo-operated ladder lifted the water the 
Fig. 115 A 6-man water-ladder being operated by two crews of 
5 men each. Lift is about 4 feet. 
Fig. 116 One-animal operated water-ladder sweep. Built entirely 
of wood , 
l09 
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last stage of 6 feet. A rough test of another water-ladder operated by four 
men, and four men resting on r eserve, had a 3-foot lift and had an average 
r .p.m. around 36 and delivered about 100 gallons per minute. The theoretical 
H.~. is about 3/40, but since friction is very heavy it would require about a 
3/4 H.P. engine to operate a four-man water-ladder. Efficiency runs about 
5 to 1 0 per cent. 
9. Archimedes Screw Pumps 
Archimedes sc rews are used for lifting water. They are generally cranked 
by hand and are constructed from sheet metal and wood. The tube is about 
10 to 12 feet long and 10 or 12 inches in diameter, in which an auger-like 
spiral is p laced . If operated at much over 6 feet lift, the operator tires very 
quickl y. For low heads of 2 or 3 feet , two men, one operating and one resting, 
do quite well. Motor drives could be used, but it would require a worm- or 
bevel-gear drive. 
l 0. Mechanical Pumps 
ln north China a pump called a donkey pump is quite popular, and on our visit 
to Peiping we saw several outfits working, Originally introduced from the 
United States, the Japanese started factories in north China and it is reported 
that 50,000 of these pumps were distributed. This pump consists of a chain, 
with rubber disks spaced on it, pulled through a 3- or 4-inch vertical pipe. 
The rubber disks lift the water, which flows out the top. The chain operates 
on upper and lower sprockets . The drive is by a sweep operated by a donkey, 
hence the name donkey pump. About 35 g.p.m. is pumped at a 20-foot total 
head, and its capacity is sufficient to irrigate about 2f acres of land. The 
cost of each pump is around the equivalent of $100.00 U.S. Donkey pumps are 
limited to shallow wells. 
The centrifugal pump is the most important pump for lifting water from shal-
low wells, streams, and ponds. Gasoline and Diesel power units are used in 
China. In early 1947, technicians at the Peiping branch of NARB estimated 
that it was eighteen times more economical to use a gasoline en.Rine than a 
donkey for pumping water, A 1-inch centrifugal pump with a l t -H .P. gasoline 
engine would care for the same acreage as a donkey pump, and the cost of the 
outfits would be commensurate. A 3-inch centrifugal pump with a 5 H.P. 
gasoline engine would. irrigate around IO acres of land. Many centrifugal 
pump outfits were brought into China by UNRRA and put into use. Some lacked 
engines, principally 5 H.P. sizes . 
It is common practice in some irrigation districts to pump water for a large 
area by using a centrifugal outfit mounted on a barge. One factory of the 
National Ag ricultural Engineering Corporation produced 25 H.P. single cylin-
der Diesel engines and 8, JO, and 12-inch centrifugal pumps for thi s purpose. 
Many of these barges propel themselves throug h the canals and other streams 
and do custom pumping. 
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Turbine - type pumps have been used very little in China primarily because of 
their relatively higher cost . Some air lift pumps are in use in deep wells but 
to a very limited extent for irrigation . Deep wells which are beyond the char-
acteristics of centrifugal pumps require deep well pumps, and turbine pumps 
are well adapted to this use. Very small turbine pumps of 50 to 100 g.p ,m. 
would be required i f each farmer were to own his individual pump. Considerable 
effort is required to organize a group of farmers for a cooperative well and 
pumping p lant. The main difficulty is with the well, because it is usually 
located on some one farmer 1s land. I[ the well is located in a village or the 
land required for a well is bought by the group, then the problem is no more 
diHicult than a group hiring a barge pumping plant, There are a number of 
localities in north China where large wells for group use would be feasible, 
11 . Windmills 
Some windmills of a type resembling Dutch windmills are used on the coastal 
plains of China. The sails are made of cloth , and often the rest of the mill is 
made of bamboo and poles of timber. No observations were made on this type 
of water lift but it is felt investigational work should be initiated on the use of 
wind for power for pumping water. There is some interest in China to design 
and manufacture an efficient wind motor. It has been reported to us that an 
American-made windmill with a IO-foot d i ameter wheel and 40 - foot tower can 
be obtained for about the same cost as a pair of water buffalo . 
Since most farms in China are small, a windmill could pump much of the 
irrigation water by utilizing a small collecting pond built on higher ground or 
built above the field level by scraping up banks and accumulating the water 
for a faster irrigation delivery . Most pumping heads required to pump water 
by windmill from ponds and streams would be low so the capacity of a given 
windmill would be quite satisfactory in many installations, A J2-foot wheel 
will lift about 1200 gallons per hour from a depth of 20 feet with a IO- mile 
per-hour wind. ln 24 hours this would mean l inch of water on one acre, which 
is satisfactory for direct delivery from the pump. 
12. Drainage 
Farm drainage in China is practically all surface drainage. Trenches in 
fields and along field edges lead excess water either to farm ponds where the 
water and eroded soil are collected until the overflow passes on down the slope 
to the next pond, or in '.o a canal or river. Periodically the soil is dug out of 
the pond and carried back onto the field as a top dressing . 
Bedding the crop land is the most common way of supplying drainage in the 
field. A great deal of hand labor is required to build the trenches, although 
buffalo and plow are often employed to roughly strike out the trenches, then 
they are £inished by hand shovel. Most beds for crops are about 9 feet wide 
for small grain , or three row widths for cotton and corn . &,--,,-\,-1 _\ _______ --
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Small pot holes and swales are drained by trenches or furrows unless the 
depression is too low. 1n the latter case a pond would be dug out in the loca-
tion and water drained into it. 
It was our experience that a rniddlebuster can be utilized for bedding work and 
drainage trenching, The implement works better for trenching work if 
equipped with spreading wings to spread out the soil from the trench so that 
water will not be held back from the trench. The spike-tooth harrow can 
usually be used once crosswise of the trenches without too much filling of 
them, and then the crop planted, 
Hilling attachments on corn and cotton planters were found advantageous to 
prepare one-row ridges for crop planting , To maintain these ridges during 
cultivation, disk billers are convenient on the cultivator, o r shovel s must be 
set to throw the soil into the row. 
The hand-constructed drainage trenches are normally narrow and steep-
banked . These are difficult for machinery to operate over. The machine-con-
structed trenches are slope-banked, and machinery can operate over them more 
readily, 
Numerous drainage reclamation projects have been undertaken in China. Some 
have been quite successful, while others have had trouble in obtaining adequate 
outlets for disposing of excess water. Some efforts have been made to pump 
water from areas protected by dikes , Projects of this kind are expensive and 
in a few cases given up, as the land could not support the heavy drainage l evy. 
Several drainage projects were visited, and some of them were having outlet 
trouble. Farm tractors and machinery were being introduced o n a few proj-
ects conducted by private enterprise. Progress_was Q.eing made with one such 
venture near Hangchow, On others, AMOMO was assisting by having their 
technicians aid farmers, and supply tractors and machinery for doing the plow-
ing, disking, and harrowing. Where the drainage was adequate, the use of 
machinery was quite successful. 
Rice, a major crop in China, is often produced on poorly drained soils or 
those that will puddle and enable water to be held in the field; therefore, drain-
age is not generally attempted on such soils . Too often drainage reclamation 
is tried on soils better left in rice paddies, or developed into rice fields for 
the use of tractors and machinery instead of into general farm crop production 
enterprises. 
In producing rice by mechanical methods it is necessary that the operator be 
master of the drainage situation, When it is time to remove the water from the 
rice field for weed control or for drying the soil for harvesting, the water 
should be drained out quickly and completely. 
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X. RURAL HOUSING AND SANITATION 
l. Chinese Rural Housing 
Mr. Edwin L. Hansen, a member of the Committee, was selected to study 
Chinese housing with a view of designing and demonstrating types of struc-
tures adapted to the country. 
Unfortunately, Mr. Hansen·had to leave China at the end of the first year and 
it did not appear to be practicable to secure a successor for the balance of 
the term. A brief report is made herewith of Mr. Hansen's activities whil e 
in China. 
Country people in China live in family villages, Houses, as a rule, are built 
with several sections joined together by enclosed courtyards, one behind the 
other . When the house needs to be enlarged, new sections are added with 
courtyards joining the older sections. ln the northern part of China, more 
attention is given to protection against the cold of winter, while in southern 
China protection against rains is given first consideration, 
2.. Demonstration Houses 
After studying farmhouses, particularly in the Nanking area, Mr. Hansen 
designed three houses to be built as demonstrations, viz.: l, an earth wall 
and thatch- roof house of minimum cost without any equipment o r furnishing; 
2., a house of medium cost with a few conveniences but with a metal roof,. 
stabilized earth walls, a safe well, and a sanitary privy; and 3, a more 
modern house with masonry walls, and tile roof, and equipped with running 
water, sewage disposal, electric lights, and heat. 
It was planned to build one of each of these classes of houses on the grounds 
of the National Agricultural Research Bureau. Only one house, and that of the 
last class, was built before Mr, Hansen left China. The construction included 
concrete footings upon which a foundation wall of hollow concrete blocks was 
placed, After four courses of concrete blocks, which raised the wall above 
the ground, the wall was finished with cinder concrete blocks. 
The blocks were made manually, using a simple form. Care was taken in 
making and curing the blocks, The mortar joints were tooled while green, and 
the wall was painted inside and out with a cement lime wash. 
The roof construction was of the conventional type, made of pole trusses, 
sheathing and tile. The plan provides for extension as needed, 
Accurate information in regard to the cost of the building cannot be reported 
because of the rapid inflation of the currency which took place during the 
period of construction. 
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Fig. l 17 A more well-to-do farm family of three g enerations. 
Windows are of paper. 
Fig. 118 A Chinese farm courtyard showing hand implements a nd 
equipment. Buildings o f earth, straw, and reeds . 
Fig. 119 Demonstration house built at National Agricultural 
Research Bureau. Cost about $2,600. Has modern 
equipment. Other lower cost houses were planned. 
Fig . 120 Grain storage in bamboo mat containers, This is a very 
common method of storing grain . Los s by insects and 
rodents is high, 
l 15 
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An estimate of the cost, based upon an average exchange rate for U.S. dollars 
at the time of construction is as follows: 
Cost of materials . . .. •.• $188'.'\.00 U .S . 
Cost of labor , . •• . .•.. , --1.l.L.QQ 
Total . ,. $2595,00 U.S. 
The appearance of the house meets with general approval. 
It is impossible to give even a good estimate of the cost of the mediuffi and 
low-cost houses under the uncertain state of costs of labor and materials, but 
it was hoped that the medium-cost house could be built for $1500 . 00 U.S. and 
the low-cost house for $1000.00 U .S. 
3. Storage Buildings 
All investigations. of the storage of grain and other farm products in China 
indicate that there is a serious loss while in storage from spoilage and ravages 
of insects and rodents. Grain drying is accomplished by spreading the g rain in 
a thin layer on a threshing floor where it may be exposed to the sun and air. 
Sometimes bamboo mats are spread over the earth floor, but more· often not . 
Small quantities o[ grain are stored in earthenware jars which appear to 
furnish adequate protection from insects and rodents, but the method is not 
suitable for large quantities. Larger quantities of grain are stored in round, 
flexible bins set up in storage buildings. These bins are neither insect-tight 
nor an effective protection against rodents in themselves, but depend upon the 
building which the tanks are placed in to exclude rodents. 
The Committee was furnished with a 1000-bushel sheet steel granary by the 
Butler Company of Kansas City, Missouri, which proved to be very satisfac-
tory, The success of any tYPe of grain sto rage depends upon the condition of 
grain when placed in storage. 
4. Grain Dryer 
An oil-heated, fan-ventilated grain dryer was constructed to facilitate the use 
of the steel granary by furnishing a method of conditioning the grain independ-
ent of weather. This dryer was of the intermittent or batch type, and although 
grain could be dried, its low capacity of J 00 bushels per hour limited its use. 
(See Figure 125.) 
5. T ests of Building Materials 
a. ~wall construction. 
Earth walls are used extensively for the construction of farmhouses in 
China , particularly in the plains area, where stone is not readily available. It 
was observed in traveling about China that although earth walls had proven 
Fi g. 121 Grain storage building o f wood and mason ry 
used at Agricultural Improvement Bureau , 
Chengtu . Poles are grooved, and short 
boards slide into grooves from top . Ti l e 
roof. 
2 17 
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Fig. 122 Drying corn in the sun , a common practice 
requiring much labor to spread the grain 
and to take it in at night. 
Fig. 123 Experimental grain dryer using engine-driven blower from 
a crop duster , Heat was supplied by Coleman gasoline 
stove. Capacity was about S.00 pounds per hour, lowering 
moisture content 2 to 3 per cent, 
Fig . 124 Carrying sugar cane on a rack to the cane mill for sugar 
making. 
l 19 
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quite permanent, in certain instances, lasting as long as 100 years, tne earth 
walls were generally in poor condition. It is believed that two basic p:dnci-
ples of earth wall construction, viz.: 1, the use of a stabilized mixture for the 
walls; 2, the use of masonry foundations which raise the earth walls above the 
ground level, were not generally observed . Where the earth walls rest on the 
ground, water from beneath is apt to soften the walls. 
Several experimental wall sections were constructed at the Research Bureau 
for illustrating these two principles of earth wall construction. Experiments 
in stabilizing the earth mixture with lime and cement to reduce shrinkage 
were conducted. Demonstrations were made of the use of stucco plaster sur-
faces for protecting the earth walls. 
Experiments were conducted in the making of concrete building blocks with a 
simple form that could be handled readily by hand. Blocks were made from 
concrete, composed of cement, sand, and crushed stone, and of concrete com-
posed of cement and screened cinders. Both kinds of blocks were used in 
building a demonstration house as previously mentioned, the sand and stone 
blocks being used for the foundation and the cinder blocks for the walls. 
c.~. 
Inasmuch as bamboo poles are available at a reasonable cost throughout 
southern China, it was thought that experiments should be conducted in their 
use for roof frames. Trusses suitable for farm buildings were constructed 
and tested for strength. As expected, the most difficult problem encountered 
was the joining of the poles with joints as strong as the poles. 
6. Sanitation 
Better sanitation is much needed in rural China, as health surveys reveal. 
Very few farm homes have a safe water supply . The Committee was supplied 
with a modern well-drilling outfit but did not have the opportunity to drill the 
demonstration wells planned for. At the present, farm homes depend upon 
storage ponds, streams, or small containers for holding rain water. 
Quite generally, night soil is conserved for fertilizer throughout China. This 
practice should make it comparatively easy to introduce containers to keep 
the soil away from flies. A sanitary privy with provision for protecting the 
night soil and permitting its ready removal was constructed and shown to 
students in agricultural engineering classes at the University of Nanking, 
7, Community Buildings 
There is an opportunity to be of service to rural communities in supplying 
plans for community buildings. These buildings include meeting rooms, 
schools, cooperative industry buildings, and storage buildings for grain and 
other products. The Committee, although assisting in a small way with the 
planning of a ff:-w community buildings, did not have the time to accomplish 
much in this field. 
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Xl. SPECIAL TOPICS 
A. Reorganization of Chinese Agriculture 
The replacement of manual methods of agricultural production by engineering 
techniques in any situation portends an investment in mechanical equipment--
farm machines and power units. This investment introduces an important item 
or cost which may vary so much as to determine the economic practicability of 
production involving the equipment . 
The relationship of the more important items making up the cost of producing 
agricultural products is represented quite clear ly and definitely by the fo llow-
ing equation : 
Cost= Land + Labor + Power +Machinery+ Miscellaneous costs, in which, 
Cost- - represents the cost of any product or crop per unit . 
Land- - represents the cost of the use of land, either r ental or 
cost of ownership in the form of interest, taxes, etc. 
Labor--represents the cost of labor, usually calculated at an 
accepted rate per hour, 
Power- - represents the cost of power from anima l or heat motors. 
Machinery- -represents a fair charge for the use of the machines 
as represented by depreciation, interest, repairs, 
insurance, etc, 
Miscellaneous expenses- - include many items such as fertilizer, 
seed, storage, etc. 
The introduction of engineering techniques into agricultural production, 
basically means the substitution of power or the energy of motors, which 
ordinarily is much cheaper, for labor. In other words, the function of 
machines is to apply power to the various operations of production. The 
overall result of this substitution is to increase the productive output of the 
individual worker, an essential step toward improving his economic status. 
An analysis of the cost of the use of equipment indicates that it varies in-
versely with use, The machine that is used the most is the most economical, 
unless there are some abnormal circumstances, The same principles apply 
to the use of motors , although the cost of feed, fuel, or electrical energy, as 
the case may be, will vary with use . 
From a consideration of the above explanation of costs, it is clear that power 
and farm machines cannot be economically used unless a certain minimum 
amount of service is required. Also, it is revealed that under favorable con-
ditions labor cannot compete with machine methods even when the wages for 
labor are very low. Man as a motor is not economical since he is not able to 
supply more than 1/ 8 horse power at hard labor . 
--~ 
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Any practical observer would agree that it is impractical to cultivate econom-
ically the small fields now generally existing throughout China, with machines, 
The low duty of the machines in these small fields would make the cost of 
operation excessive. 
ln order to provide more favorable conditions for machine operation the fields 
must be combined and the dividing ridges and paths smoothed out. The prac~ 
tice of bedding crops will also need to be modified. The Committee was able 
to demonstrate that it is physically possible to enlarge the size of fields so as 
to make machine operation more feasible, ' 
This reorganization and reconstruction of farms is not an entirely new prac-
tice because it is now being carried out in the United States. The Calliway 
Farms of Georgia is a notable example. [tis a comparatively easy job, with 
modern earth-moving equipment, to remake the topography of farms in a com-
paratively short time, 
To reorganize Chinese farms some enabling legislation may be necessary. In 
discussing this matter with a number of Chinese agricultural leaders, it was 
suggested that there should be no insurmountable difficulties in securing the 
necessary authority, There are now many tracts of reclaimed land where 
engineering techniques of production may be practiced. 
A considerable area of productive farm land in China is occupied with graves , 
estimated to be as much as 9 per cent of the total, The Chinese in general 
hold graves to be sacred and strenuously resist their violation, However, it 
has been demonstrated in connection with the construction of irrigation canals 
that there is littl e objection to the removal of graves if carefully carried out 
and suitable monuments are provided, A number of Chinese leaders suggested 
that graves could be moved if funds were available. 
The procedure for reorganizing Chinese agriculture will need to be worked out 
in detail. The ownership of the land after reorganization may be private, cor-
porate, cooperative, or communal, It would seem desirable to provide for all 
types of ownership, and let future developments determine the most satisfac-
tory method of ownership and operation, and the one which will serve the best 
interest of the people. It is rather clear that if China is to advance along a 
broad economic front the Chinese farmer must be made a larger producer, 
that is, have a larger enterprise and thus become a larger consumer or buyer. 
To achieve this end some reorganization is necessary, 
B. The Fuel Problem 
The character of the agriculture of any country is related to its utilization 
of its resources of fuel for heat and power, If an abundant supply of mineral 
fuel, coal or petroleum, is available, land which otherwise would be needed to 
produce fuel for heating homes or for power can be used for producing food, 
In China, with a compelling urge to increase the supply of food, fuel from 
other sources than farm land should be utilized as much as possible. As an 
example of how fuel from mineral sources complements food production, it is 
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stated that in the United States the use of petroleum fuel for farm engines and 
tractors has released for food production 50 millions acres of land which 
were used to produce horse feed as recently as a quarter of a century ago. 
ln China it is a common practice to burn all crop residues such as straw and 
s talks for cooking or heating. In some instances, even roots of the plants of 
a former crop are removed for fuel. All soil specialists agree that if the 
residues of the crops could be returned to the soil its fertility and the physical 
characteristics would be greatly improved. At present many soils are prac-
tically devoid of humus . 
China has much mountainous land not suited for the growing of cultivated crops 
but which would grow forest crops. China, with a stable and e((ective govern-
ment able to protect forest planting, should undertake to grow trees for fuel as 
well as for construction materials. 
Surveys of petroleum resources in China do not reveal any considerable 
quantity of petroleum. The location of the principal known suppliers are in 
Kansu, Sikang, and Sinkiang Provinces, those in Kansu being the largest. 
The Bureau of Mines credits China with the production of 513 thousand barrels 
of petroleum in 1946, 
The coal resources of China are extensive and quite widely distributed. There 
are extensive mines developed in Manchuria, Shansi, and Szechwan Provinces. 
What is said to be the largest open pit mine in the world is located at Fushun, 
Manchuria. It is stated that China has coal reserves to the amount of over 
ZOO billion tons or is fourth among the countries of the world. 
It is recognized that the most important problem connected with the utilization 
of the coal China has is that of transportation. The Committee observed coal 
being transported in Szechwan on carts drawn by men. At any reasonable wage 
the cost of transportation per ton would be excessive and not at all adapted to 
long hauls, 
It appears that the production of a liquid fuel from her coal would be one of the 
first industrial objectives of China. Reports of pilot plants in the United States 
indicate that only a moderate increase in the price of petroleum fuel at the 
refineries would be needed to make such p lants economically successful. 
C. Deve lopment of Rural and Village Industries 
The members of the Committee and staff members of the various deparbnents 
of the several institutions with which they have been associated, see a direct 
relationship between rural industries and agricultural engineering, They be -
lieve that agricultural engineering in China can serve effectively in the im-
provement, development, and modernization of rural industry, which is vital 
to the welfare of China ,s farmers and rural communities. 
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In order that this relationship and its opportunities may be more fully appre-
ciated, consideration of the history, current status, and future possibilities of 
rural industries in China is considered of importance. 
l, History 
"Agriculture, including livestock raising and horticulture is the chief occupa-
tion of the Chinese people. It supports at least 75'1., of the population and con-
tributes no less than 80'1, of the national income."* But the income from 
China's great agriculture, when divl°ded among her millions of farm families 
is meagre indeed. "The fundamental fact ... is of a terrible simplicity. It 
is that the population of China is too large to be supported by existing re-
sources."•• 
There are two principal reasons for the historic development and wide diffu-
sion of handicraft manufacturing throughout rural China; first is the lack of 
sufficient land for the great population; second, that traditional hand techniques 
of crop production--due to the prodigious number of man hours of labor re-
quired at critical seasons- - severely restricts the acreage a family can work, 
and also brings long periods of idleness, during which the small farms afford 
no productive employment. 
For instance, in the rice-wheat region near Nanking, a peak season occurs in 
June. Labor requirements at that time are great. Winter wheat must be har-
vested and threshed; the land must be plowed and prepared for rice; fields are 
leveled and flooded; rice plants are taken up from the nursery beds and trans-
planted in the fields--all by hand. Later, during the growing period of the 
rice crop, labor requirements are greatly reduced. 
For the reasons mentioned above probably more than half of the farmers of 
China are also handicraftsmen and have been for many centuries . China 1s 
renowned Emperor Chien Lung, replying to a request from George III of 
England for the opening of trade relations, stated n0ur Celestial Empire 
possesses all things in prolific abundance, and lacks no product within its own 
borders; there is no need to import the products of outside barbarians." 
It is likely that the emperor's statement was somewhat exaggerated and overly 
optimistic. But if there were abundance of manufactured goods in China at 
that time, it was due to the handicraft industries. Fei and Chang (Earthbound 
China) refer to this period. "The manufactured goods which were abundant 
were produced not in the big industrial centers but in thousands of villages. 
Chinese traditional industry is a diffused industry--diffused among millions of 
homesteads--diffused by necessity, for the oeople cannot live entirely on what 
the land produces ,11 
• C. C. Chiang, Chinese Year Book. 
•• R. L . Tawney, Land and Labor in China. p. 103. 
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Whether Emperor Chien Lung 1s statement was completely accurate may be 
questioned . And since his time rural handicra{ts have proved inadequate to 
meet the needs of the rapidly increasing population. Also, the rural handi-
crafts, in some regions, have had to compete with the factory production of 
the industrialized seacoast cities and with imports from foreign countries. 
ln some items handicraft manufacture has been almost entirely eliminated; 
activities such as cotton spinning, silk reeling, paper making, tea preparation, 
flour milling, and oil extraction are now largely concentrated in urban 
centers--even though hand-loom weaving of cotton, ramie, silk and other 
fabrics continues to be an important home industry. Increasing imports or 
urban factory production of Cotton cloth and yarn, kerosene, nails and needles 
£or instance, have replaced items formerly supplied by rural industries. 
Although traditional handicraft manufactures have declined in regions where 
they meet these modern forces, rural industries and handicrafts are still of 
great importance in the economy of nearly all areas; in some regions they 
retain their historic form, untouched by modern forces; in other regions the 
type and organization is changing and shows promise of developing into a form 
of modernized, decentralized industry of an advanced type such as is now 
being advocated and sought, even in the United States . 
Although the older , traditional forms of rural industry are deteriorating in 
certain parts of China, it would be wrong to assume that they have no value. 
They may, in fact, be the prototype of some form of industry that one day 
will mean China 's industrial modernization . Certainly it would be a grave 
error to assume that immediate mass production is the key to China's eco-
nomic problems . 
Z. Contemporary~ 2f industry i.tl. China . 
Speaking in general terms, it may be said that there are three types of in-
dustry existing in China; the characteristics of each have been determined by 
its location and environment. 
a. Urban factories . These are located in the port cities, with some ex-
ceptions, or in cities having easy access to seaports and foreign influences. 
Originally developed through western influences, they are an example of the 
operation of industrial capitalism and employ modern factory methods of 
production and organization . 
b. Transitional areas ln inland and hinterland cities, well served by 
transportation or railroads, rivers, or main canals, western methods of 
manufacture and capital structure are gradually overshadowing the small 
shops and artisans, even though such small shops continue to exist and , of 
course, are far greater in number than the factories. 
c. Interior and frontier regions. ln the areas remote from transporta -
tion facilities, the methods of the Occident have hardly made an impression; 
manufacturing methods, equipment, and small shop organization have changed 
little during the centuries. 
'!"' 
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Fig . 125 Stone roller grinding mill, animal-drawn, 
Fig. 126 Lifting sal t water from a salt well, Szechwan . Water is 
evaporated and salt collected , 
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Modern industry has developed in the first two classes in spite of tremendous 
obstacles--almost continuous civil strife and war , currency inflation, social 
disorder, scarcity of capital, fo r eign exploitation, unstable government, and 
other paralyzing troubles . "What is surprising is not that the modernization 
of industry has taken place gradually a nd in isolated areas, but that it has 
taken p lace at a ll."• 
No compl ete survey of China 1s rural industries has yet been made . One 
writer•• suggests the following helpful classification of current enterprises: 
( l ) Industries owing their existence to local materials. 
Exampl es of these are clay products, such as brick and tile; 
food products, such as wine, oil , and flour; timb er products 
such as agricultural tool s, baskets of straw and willow, straw 
mats , etc,; textile products , such as cotton, woolen , or silk 
articles, 
(Z) Industries owing their existence to local markets. 
Examples are wheel wrights , carpenters, farm tool makers, 
masons, brick.layers, blacksrniths, 
(3) Industries owing their existence to a large supply of labor. 
Such industries would include hand- loom weaving, knitting, 
lace-making, embroidery, etc. 
Probably most of the r ural industries of China have developed from a local 
supply of raw materials; many a r e, in essence , a process of refining agri-
cultural p r oducts, such as the weaving and plaiting of straw or fabricating 
the endless variety of items made from bamboo. 
a. 12&_ bristles.# 11Pig bristle preparation was started a bout 1910 purely 
as a home industry, but was later organized under the control of some fifty 
firms. Annual export thru Tsingtao has been over 1-1 / Z million dollars. 
Each of the firms has been organized from the families of the village in which 
it is situated, or those nearby, Running expenses of the firms are from loans 
secured from bristle-collecting agencies in Tsingtao or the money shops in 
Weiksien , 
"About the New Year these 50 firms send their men to western Shantung, and 
often as far as contiguous parts of Honan, Hopei, and Kiangsu to collect 
bristles, which are transported to Weihsien, where they are prepared and 
cut to standard length , Then they are sent to Tsingtao in baskets containing 
100 powids each. The entire work of preparation is usually done by women 
and girls from l 0 to 30 years old. Sending the bristles to Tsingtao is prac-
tically monopolized by certain transportation companies, which deliver the 
• R. L, Tawney, Memorandum on Agriculture and Industry in China, 
•• Rural.Industry in China, H, D . F ong, 
I Rural Occupations in Weihsien, Shantung, Agrarian China. Lwig - An. 
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goods to the collecting agencies . These agencies contact the compradores who 
are connected with the foreign export firms--this series of midd l emen acts 
like a heavy brake on the whole business, 0£ the tota l annual export of 
$1,500,000 more than $60,000 goes to the collecting agencies as commis-
sions. This, together with the profit 6£ the foreign firm and commission to 
the compradores, expenses of railroad transportation, a ll kinds of taxes and 
an interest rate on loans of more than 2% per month makes it impossible to 
pay workers a reasonable wage . 11 
Brickmaking is a chief occupation of farmers near Kashan, in Chekia'ng 
Province. About 70 per cent of the output usually goes to Shanghai. The 
brickmaking season usually opens in April and closes in November because 
of the severe cold weather. In Foochow the farmers engage in tile making as 
as slack season occupation. 
In other regions farmers find part time employment by quarrying clay, China 
is rich in clay of many varieties and types. One such, which is sticky and 
white, is used in place of soap for washing cloth. Inferio r clays are used as 
a binder in making coal dust into balls or briquettes. Some of the finest clays 
in China are mined at depths of 60 feet or more. 
Another class of rural industry is based on the utilization of animal products 
and includes skin curing, glue preparation, manufacture of horse-hair sieves, 
and making the universally-used writing brushes. 
Paper making is still important in some regions- - straw paper, writing paper, 
and paper for joss money or incense. Some families work at the latter all 
year, except during the busiest farm season. 
Among the more common home industries may be listed the following: 
cotton weaving, preparing silk for factories, hosiery, knitting, spinning yarn 
for carpets, making umbrellas, straw shoes, sandals and hats, working bam-
boo, embroideries, hairnets, and especially in Hunan, the manufacture of 
firecrackers . 
Development of factories in the urban centers has not eliminated the home 
industries carried on by families living within the cities or the adjacent rural 
villages. But, to a considerable extent , urban industrialization has changed 
the work of such families or artisans and caused them to become a service 
agency, or supplier, of the factory. There are several forms of handicraft 
industry which are developing some such relationships, either with factories 
or a marketing agency. 
a. Home handicrafts, where the workers receive wages. Match box mak-
ing, for example, is carried on in homes, either urban or rural, which are near 
the matchbox factory. Several such families were observed at their work in 
small homes near the campus of National Central University. Their wages are 
usually computed on a piece-work basis, with the factory supplying all 
materials . 
Fig. ll7 Spinning wheel in use. A common home industry often 
conducted on a village basis in rural territories . 
Fig . 128 Tinsmith shop where most of the articles are made from 
salvaged tin cans. Most of these tin cans are from 
condensed milk. 
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b. Small workshops. These concerns do not market their own wares, but 
the workers receive wages from a larger concern, or factory, from which 
they receive orders. 
c. Handicraft shops. ln order to secure materials for their specialized 
products, such as builders hardware, these shops have come under the con-
trol of a larger concern or a particular industry . 
5. Chinese industrial cooperatives--jl war time development. 
When, during the World War, the Japanese occupied the Shanghai - Nanking 
area, China suffered a great industrial disaster. But almost immediately 
she launched a movement to offset this loss, the organization of Industrial 
Cooperatives, Although the war time value and success of the achievement 
has been proven, it is likely that the full value cannot yet be accurately 
assessed. The developments of CIC may hold long time values, which will 
lead to a more general and widespread industrialization of China. 
Certainly even a brief discussion of rural industry and the diffusion of manu-
facturing throughout China must take note of the significance of the CIC de-
velopment. 
a, Purposes of the CIC were stated as follows: 
l, To launch an enormous program of decentralized industry 
throughout 11free China11 , 
2. To develop a program which will keep China autarkic for 
resistance and reconstruction. 
3 . To avoid the evils of concentrated industrialism, slums, 
overcrowding, and extra-legal oppression. 
The ultimate purposes would serve in peace as well as in war to construct 
throughout China chains of small industries, which could use local materials 
to supply the manufactured goods essential to the lives of the people. 
b, Finance, Up to March 1945, a total of $84,000,000 had been'appropri-
ated by the central government for the CIC. Additional funds were received 
from the Farmers Bank of China, from Amindusco of New York, from British 
Aid for China fund, and from miscellaneous sources. 
c. Development and growth. The first cooperative was founded in Hankow 
in 1938. In this same year 69 others were formed. The number grew to 1738 
in 1940 but, due to the Japanese advance, declined to 1066 in March of 1945, 
when there were l 7 ,270 members. 
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Classification of Chinese Industrial Cooperatives by Industries, as of March 
1945. 
Kinds of industries 
Machine and metal works 
Mining 
Textile 
Chemical 
Food 
Stationery 
Carpentry and masonry 
Transportation 
Tailoring 
Miscellaneous 
Number of societies 
63 
15 
424 
Z4Z 
35 
34 
70 
3 
89 
91 
Describing the products of a CIC exhibit in Chungking, Linebarger lists the 
following products, " . .. tools, auxiliary parts, matches, lamps, light electric 
appliances, lathes, machine shop tools, medical kits, western shoes, tooth-
paste, printing presses, books and fountain pens - all were produced in some 
areas which did not even have the spinning wheel in some instances and until 
recently imported all goods from the coast or outside. 11 
ln the spring of 1947, members of the Committee visited a similar exhibit in 
Kaifeng, where the manufactured products on exhibit were almost as numerous 
and diverse. 
Another example of the achievements of the CIC is contained in a report of 
its secretary-general, K . P . Liu. · 
ttln the beginning of 1939 wool spinners of Chengtu were still using either the 
simple old whorl or the hand turned wheel. The volume of production was 
very small but during 1939 the CIC embarked upon a huge program of blanket 
production for the army, and improved stream-lined treadle spinners were 
introduced, and thousands of men and women taught the technique of using 
them. Blankets were made at eight centers of west and north China; every-
where improved wool spinning and wool weaving machines brought new produc-
tive power. During the winter of 1939-'40, 400,000 blankets were turned out .• 
"The wool used by the blanket making coops comes from the highlands of 
Tsingshai, Kansu, and Ningsia and Shensi, and now instead of t>eing carried 
raw to Tienstin or Shanghai as in the old days, it is being spun and woven near 
to the source of supply. improvements are constantly being made - better 
machines, better spinning, use of water power, better finishing - so that the 
whole project works to raise the living standard and efficiency of the people.11 
d. Organization Q! local industrial cooperatives. A suitable national and 
area organization was first established to provide essential finance, guidance, 
and supervisory personnel. 
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To form a loca l cooperative at l east seven persons of adequate technical 
training and skill are required. When seven or more wish to form a society 
they meet and draw up a plan and a budget which they submit to the CIC depot 
in that locality for study and investigation, Upon approval of the general plan 
the depot is ready to register it and recognize it and extend all assistance 
possible. Loans may be extended out of CIC funds or banks, in the latter case 
CIC usually guarantees the loan. 
e. Education and welfare. Members and their families are taught to be 
self reliant and efficient workers. CIC sponsors programs of general and 
cooperative education, gives technical training to applicants, especially 
r e fugees . Youngsters between 12 and 16 are recruited and trained, especially 
as technicians. 
Primary schools are maintained for children of cooperative members. 
Welfare includes nurseries, hospitals, clinics, schools, and recreational 
centers. 
f. Current status of CIC. It has been difficult to secure documented 
information as to the p;-esent status of these industrial cooperatives; many 
were located in areas from which it is now impossible to secure data. 
Prof. Lewis S. C. Smythe of Nanking University reported in November, 1947 
that many had been successful, and felt that such small scale industries could 
fill a real need in China, and that in many regions they would be more suitable 
than large indus trial installations. He emphasized the resourcefulness shown 
by members in starting with little and building up their own equipment and 
faciliti es . A s examples of specific needs and opportunities he mentioned 
spinning machines and small flour mills for the northwest and gave rug-making 
from wool as an illustration of commodities which have good opportunities in 
the export market. 
ln May 1948, a conference with Mr. Walter Illsley of the Shantan Indusco 
Bailie School indicated that this institution was active and successful. It is 
maintained largely by the International Committee for Chinese Industrial 
Cooperatives. Located in Shantan, Kansu Province, it affords an example of 
industrial developments in the remote interior regions . Three hundred fifty 
apprentices were then enrolled in the trade school; the p rincipal activity was 
that of the machine shop , which was well equipped, The institution had also 
begun work on an extensive irrigation project, designed for watering some 
l 0,000 acres. Much of the heavy equipment had been transported to Shantan 
from the seacoast by air, 
Or. James Yen reported in June 1948 that the rural industry cooperatives near 
Chungking were then operating successfully, and farmers would like to work 
more in them if, through the use of improved farm equipment, they would be 
able to spare more time from their farms, He feels that when these coopera-
tives begin making simple animal -drawn farm implements, the labor require-
ment on the farms will be reduced sufficiently by their use to permit farmers 
to spend more time working in the cooperatives, Or. Yen has suggested the 
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need for the services of one or more of the Harvester Fellows in developing 
this plan by which {armers, by working in the co-ops, would be manufacturing 
their own farm equipment. 
Whatever the current status of these industrial cooperatives may be, their 
war time achievements were substantial and demonstrated that the Chinese 
possess the administrative ability and technical skill to fashion a type of rural 
industry well adapted to the needs of the various regions. 
6. Agricultural engineering in modern rural industry . 
The persistence and wide diffusion of home and handicraft industries and the 
rapid war-time development of industrial cooperatives lead to the question 
whether an industrial system based on power and machinery will develop 
throughout China, whether industry will continue to be confined to a relatively 
few urban areas, or whether some form of modern and efficient but decentral-
ized manufacturing system will mature and spread throughout the vast areas . 
And another question is whether such a growth can be nurtured, controlled, 
and directed so that it will be beneficial to the nation as a whole . Such a 
movement has already begun and, as agriculture is some 75 per cent of the 
nation, it follows that agricultural engineers should play an important part in 
guiding and directing the growth of rural industries in China. Moreover, some 
of these industrial activities are directly complementary to agriculture. The 
development of rural industries provides a promising field of service for 
agricultural engineers now being trained in the universities of China. 
Although the products of rural industries are many and diverse, many of them 
will be the result of the processing and refinement of agricultural products; 
many others will be of a type that will contribute directly to the farming 
enterprise. Hence, although the rural industry covers a broad field, agricul-
tural engineers should become a major force in its guidance and development. 
A few of the ways in which agricultural engineers can serve are indicated 
here. Actual service and experience will later develop other opportunities 
and further define and clarify the relation of agricultural engineers and rural 
industry. 
7. Research . 
a. Survey. No survey or complete classification of China's rural indus-
tries and handicraft arts has yet been published. As a basis for the future 
development such a survey and study should prove to be of great value. In it 
might be included an analysis of the operations and accomplishments of the 
CIC, a study of the various industries in different regions and opportunities 
for their modification and modernization, how such local industries might 
complement, service, and supply the larger urban factories. It would also 
consider the opportunities for developing further the local processing and re-
finement of farm products and transportation and marketing facilities. 
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b • .!lg .Q! farm power units and farm equipment!,!! rur al rnanufacturins. 
As mechanical power is introduced it may be found that the same power units 
employed on the farm can be used, during slack seasons, as power for rural 
manufacturing or processing , As an example, it is suggested that in some 
regions small portable saw mills would prove economical: they would elim-
inate the current costly process of shipping raw logs to the actual building 
site, where they are sawed into boards by hand methods, 
There are many other operations that could be acc omplished durin g slack 
seasons on the farm , in which farm power units might be profitably used--
excavating for water-storage ponds, building farm - to -market roads and 
crushing rock for building materials or road construction, building dikes, 
removing field obstacles and reclaiming grave lands, power for bone-crush-
ing mills and many similar opportunities which careful research will reveal. 
c. Manufacture Q! building materials. Farmers would be the principal 
consumers of such materials and farm buildings comprise an important field 
in agricultural engineering. In fact, more adequate structures for storing 
farm products are urgently needed. 
The manufacture of concrete building blocks, well demonstrated by Prof. 
E . L. Hansen of the University o( Nanking, is an example o( a promising rural 
industry and an industry directly related to agricultural engineering, and the 
manufacture o( abode blocks and stabilized soil building blocks, studied at the 
NARB by Prof. Hansen and Prof. Tsui at National Central University, indicate 
further the opportunities as a local industrial enterprise. 
The manufacture of building material also offers a profitable outlet for the 
sale of farm products--straw, cane stalks,etc.- -in the form of fibrous board 
and insulating materials. lt may also be an operation in which farm power 
units can be employed during slack seasons on the farm. 
Rock-crushing is an operation calling for power. The currently used hand 
methods- - striking with small hammers - -are expensive and cause a limited 
production. Research will determine the form of power most suitable. In 
this operation also, farm power units might be employed as the operations 
can be carried on at any season. 
d. Processing £arm products. The more highly refined the product when 
it leaves the rural community, the greater the income of that community. 
This field is a broad and complex one and deserves a continuing research 
program. It contains many activities that are well adapted to rural manu-
facturing. Within it are included operations extending from relatively simple 
ones such as grinding grain and polishing rice, to the more complicated in-
dustrial processes of making alcohol from farm products. 
One hundred seventy alcohol factories were in operation and serve to illus-
trate the possibilities in developing rural industrial products and establishing 
clearly the close relationship between industry and agriculture. 
Still other examples are the processing of farm grown materials--pyrethrwn, 
derris, etc. to be used as insecticides. 
Fig. 129 Saw mill in action. The building is to be rebuilt and 
all lumber sawed in this manner. Most dimension 
lumber in China is made this way. 
Fig. 130 Making concrete blocks in a Krieger hand mold . 
These blocks were used in the demonstration farm 
house built at NARB. 
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8. Or ganization and guidance£! rural~· 
Professional agricultural engineers will know well the needs of the rural 
community, the labor requirements, and the seasonal requirements of local 
farm enterprises , They will be familiar with the supply of local raw mater-
ials, both agricultural and natural, and the marketing opportunities for the 
products to be refined or manufactured Irorr:i them. 
ln connection with the storage, processing, and preserving of farm products 
their knowledge and experience will be pa r ticularly per tinent, They will be 
in a favorable position to maintain close contact with established agencies of 
agricultural science and research and thus bring recent and technical infor-
mation to the plants in which they serve. 
9 . Design, development, and improvement of farm equipment made!.!!. rural 
factories. 
In activities such as proposed by Dr. James Yen, manufacture of farm imple-
ments in small factories in Szechwan, agricultural engineers can serve to 
great advantage, Their training has given them a combined experience in 
both agriculture and mechanical engineering. They know the requirements of 
economical crop production and field operations and they possess technical 
knowledge of machinery design. The Harvester Fellows, in particular, have 
the added qualifications of a first hand knowledge of American farm equip-
ment used in all phases and types of crop production. 
The present and historic need of the Chinese farmer is a greater individual 
income. As long as he remai ns chained to traditional hand-production 
techniques, and the small acreage to which these restrict him, his production 
and his income will remain low. 
The introduction and use of labor-saving farm equipment, accompanied by 
the opportunity to use the time thus saved for profitable employment in rural 
industries, may hold the solution to this age-old economic puzzle. 
But such industries must be guided and developed so that they will directly 
serve the needs, and alleviate the economic burden of the farmer. 
It is urged that such guidance and direction be supplied, in great measure, 
by agricultural engineers, 
D. Soil Fertility and Fertilizers 
l. Maintenance 2! soil fertility. 
Chinese farmers, with their centuries of experience, have long held the 
belie! that the soil is a medium, or vehicle, for converting their manures and 
fertilizers into crops; they consider soil to be the feeding place of plants 
rather than itself the source of plant food. Plant food must be provided, at 
frequent intervals, in proper quantities and placed so as to best suit the re-
quirements of the growing crops. 
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Without such a philosophy, soil fertility in China would have been exhausted 
long ago. In fact, it is probable that non e of the original supply of some of 
the essential elements, especially nitrogen, now exists in the soil. To supply 
these elements, to procure, prepare, and distribute fertilizer materials 
throughout the season are vital incidents in the Chinese farmer 1s continual 
campaign against soil exhaustion. His admirable achievements on his ancient, 
hungry soils amply attest his skill of husbandry, as the yields per acre of 
major crops in China are well in line with the world average . 
But some conditions of this age -old battle have been overpowering. ln order 
that he and his family might Uve, the farmer can seldom show favor to his 
land; it can never rest but must always work; there are too many mouths to 
feed, exorbitant taxes and rentals , military tributes, and levys, pests, and 
disasters. There is no time for green manure crops or refreshing legums; 
even the stalks and stubble must be pulled, roots and all, to provide fuel . 
Incessant demands on the land have meant that very little of the crop residues 
have been returned to it. Generally the soil lacks humus. This causes a 
serious condition from the standpoint of plant nutrition and also impairs the 
physical condition of the soil. ln many regions it is seldom friable and 
mellow; plowing turns up huge, hard clods, necessitating many bar rowings in 
producing a seed bed of even a fair condition of tilth . Chinese farmers may 
often be seen in the field smashing these clods with long-handled mallets or 
by using their heavy hand hoes. Such conditions impede and impair subsequent 
field operations such as cultivating , fertilizing, hi lling-up , and in some cases, 
even harvesting. 
The most general deficiency of essential elements is that of nitrogen, with a 
smaller proportion of the farms , especially in south China, lacking phosphor-
ous. 
In the decade between 1935 and 1945 the National Agricultural Research 
Bureau laid out 400 field experiments in fourteen provinces, to test the re-
sponse of various important crops to the three major fertilizer elements. 
The following table shows the percentage of these localities ·which gave a 
significant response to the application of each. 
Fertilizer 
N 
p 
K 
Wheat 
71.4 
40.3 
9 .l 
Rice 
90.5 
55.2 
30.4 
Cotton 
55.l 
19 .3 
13 .5 
Rape 
83.6 
53.4 
17 .l 
Maize 
84 .l 
39 .2 
16 .4 
China's agriculture depends upon the use of natural fertilizers. Commercial 
or mineral fertilizers, although their use is increasing, are as yet not gener -
ally available and they are used chiefly in the seacoast regions and coastal 
islands. 
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Fig. 13 l Community service work done on a custom basis by Agri-
cultural Machinery Operation and Management Office. 
Hulling and polishing rice, grinding grain , scutching jute; 
and tractor plowing, disking, and harrowing. 
Fig. 132 Heavy soils lacking humus are hard to pulverize with 
harrows. 
Fig . 133 Compost pile of plant refuse and animal manures, a rather 
common farm practice . 
Fig. 134 Donkey train returning from city with load of night soil . 
Will be taken to rural village and emptied into a pit. 
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Fig. 135 Night soil pit . Often masonry jars are used, 
Fig. 136 Obtaining water from pond to carry by carrying pole to 
night soil pit for diluting purposes . 
Fig. 137 Dipping night soil solution from pit into 
carrying pails, The solution is then 
ladled to soil around crops by the dipper . 
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Fig. 138 Removing collected silt from canal bottom. 
This silt is spread on fields for fertility 
dressing. 
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Through their knowledge , preparation, and use of natural fertilizers , China's 
farmers have made it possib le for their country to sustain its enormous pop -
ulation. A complete and thorough class i fication of the sources of such natural 
fertilizers would be diffi c ult; no possib le source is overlooked and great effort 
and ingenuity is employed in procuring mater i als . A b r i ef classification 
would include the fo llowing : 
a . Animal manures; from farm animals, especially pigs and work animals; 
poultry; bird droppings along the Kwangtung coast provide an important 
supply for that region. The lack of a well estab lis h ed livestock and 
dairy industry limits -the supply of animal manure . 
b. Vegetable sources ; oil seed cakes such as soybean , cotton seed, rape 
seed, peanut and tung oil cakes; seaweed and marsh vegeta t ion . Ashes 
from straw, wood, and p lant res idues burned for fuel. 
c . Fish and anima l refuse; residues from oil extraction , powdered bon e 
meal, etc. 
d. Mud and soil from canal a nd creek bottoms; often this is rich l oam 
with a high content of organic matter and lime from the remains of 
she ll fish . 
e . Hwnan excreta (night soil); for centuries this has been the most im-
portant [ertilizer and , without its use , or a substitute for it, China 
could not feed her people , 
[. Commercial (minera l ) fertilizers; importation and loca l manufacture 
began about 1925 and increased steadily until the outbreak o[ war . 
(See below.) 
g . Green manures ; in some parts of south China varieties of clover and 
certain legume crops are grown in winter and gypsum and lime are 
supplied during the early growing stage of the rice crop. But the use 
of green manure crops is not general. 
a. Compost . Compost piles are commonly seen in the streets o[ the farm 
villages . Every possib l e scrap of organic matter is carefully collected . 
Animal excreta and droppings from poultry, leaves, weeds, straw, vegetable 
refuse, lime from shell fish, wood and straw ashes are all preserved and 
prepared as compost. 
The mass is worked and turned, moistened with water and animal or human 
urine , capped with soil and allowed to decompose into a fine granular condi-
tion. lf it is to be used at planting time the ripe compost is sometimes 
screened to remove lumps, which are pulverized later. To obtain complete 
pulverization and fineness sometimes the compost is spread out and stone 
rollers are drawn over it. 
If conditions favor complete fermentation of compost in the fields before the 
crop will need it, the compost is carried to the field in baskets, spread 
broadcast, and plowed under. If it is to be used at planting time, the com-
posting process is continued as long as possible, then it is carried to the 
fields and stacked in convenient piles to be applied together with the seeds . 
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The following description of planting winter wheat in Taitou Village of 
Shantung province* indicates the reliance upon accurate fertilizer placement 
and reveals that 11pelleted seeds" and 11starter preparations" are not new ideas, 
but have been used by many generations of Chinese farmers. 
"Sowing of winter wheat begins at the end of September. Several days before 
this, well prepared fertilizer is transported to the fields and dumped in heaps. 
When the sowing starts, three or more persons go to the field with a team 
(an ox and a donkey, or an ox and a mule), a plow, a wooden harrow, several 
fertilizer holders, seeds, and a certain amount of powder made from .soy-
bean cake. 
11First, the seeds, the soybean powder, and the fertilizer are fully mixed so 
that each handful of the mixture will contain the same proportion of seeds and 
fertilizer. Then the man drives his team along the edge of the field to make 
the furrows. The other two or three men fill the fertilizer holders with the 
mixture, and hanging these over their shoulders, follow the course of the pldw 
dropping handfuls of the mixture into the furrows about a foot apart. Each 
man plants one section of the field. This method takes more time and labor, 
but where human labor is cheap and fertilizer and seeds are scarce, it is the 
preferred system. When the sowing is finished, the field is leveled with the 
wooden harrow drawn by the team." 
Applying fertilizer by hand at the time of planting was observed by the Com-
mittee, in regions near Nanking. There the hills of wheat were about 8 inches 
apart, with about 12 inches between rows. Laborers dibble a hole and drop 
into it a handful of a mixture of fertilizer and seed. 
ln general, planting systems, row widths, hill systems of planting grain, 
etc. have been developed and followed because it is felt that such methods 
facilitate the distribution and placement of fertilizer--not only at planting 
time but for as many repetitions of plant feeding as may be desired. 
ln the wheat lands of north China two or three-row drills are used and the 
fertilizer is broadcast before planting. Later plant-feeding is accomplished 
by applying night soil (liquid and diluted) by hand, as described b elow. 
b. !ii&.h! soil. ln the procurement of fertilizer the farm has a peculiar 
dependence upon the city, as the city is the principal source of night soil. 
Farms not only adjoin the cities closely, but as in Nanking, they are often 
found within the city walls. This juxtaposition of farm and city has developed 
not primarily because of convenience in marketing farm produce but because 
such a location facilitates the vital problem of procuring fertilizer. 
Collection of night soil from the city and transporting it to the farms gives 
employment to many thousands. And the methods and means used for trans -
portation are many and varied; human carriers, with covered buckets sus-
pended from their carrying poles usually supply the nearest farms; animals 
•A Chinese Village, Martin Yang. 
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with tightly covered wooden tubs at their sides; animal-drawn carts with two 
or more large wooden buckets transport for longer distances. Each morning 
caravans with their essential loads move outward from the cities; boats and 
barges line the water front, and the networks of canals to care for long dis-
tance transport. 
Hence the value of (arm land is determined, in large measure , by nearness of 
urban supplies of night soil. Flying over a large Chinese city one can notice 
that the densest and darkest green is nearest the city, and that fertility notice-
ably decreases with the distance from the city. UNRRA representatives , in-
terested in the fertilizer prOblem, estimated that the usual carrying radius 
terminates between 10 and ZO miles from the city boundary. 
Market gardeners within the city wall have a favorable location. They main-
tain on their fields a tight, lined reservoir with an open top slightly above the 
ground level. To this, each day, the children or servants of urban dwellers 
bring the nights accwnulation--a convenient method of disposal for them, a 
boon to the gardener. 
Similar means of storage are used on the farm. Night soil, either liquid or 
solid, is not used fresh, [tis allowed to decompose in storage, and before 
use it is diluted with water . Then it is carried to the fields with buckets and 
carrying pole and applied to the growing plants with long handled dippers. 
c. Mud from ponds and creek bottoms, Such material i s dredged from 
ponds and canals by the use of lo n g handled scoops and transported by boats 
or barges to the farmer purchasers, It is considered excellent fertilizer as 
it is high in organic matter and lime. The Committee noted many fields that 
were speckled with the shells o f small snails, which indicated that these 
fields had been liberally supplied with fertilizing mud. 
4. Use ..Q! commercial fertilizers !!l. China. 
The history of the use of commercial fertilizers in China is relatively short, 
Importation and local manufacture in significant quantities had begun a few 
years before the outbreak of war with Japan. 
During the last three pre-war years the average importation of sulphate of 
ammonia amounted in value to $4,316,000 (U .S.), about half of which was sup-
plied by Germany , Its use was largely concentrated in the coastal provinces, 
especially Chekiang, Fukien, and Kwang tung . 
ln 1936, with the help of Chinese banks, the Yunghi Chemical [ndustries es-
tablished a large plant near Nanking for the manufacture of ammonium sul -
phate, with a capacity of 150 tons per day. Later, other factories established 
in the Shanghai-Nanking area were destroyed by the Japanese and China's 
young fertilizer manufacturing industry was almost totally wrecked. 
After 1931 a number of factories were built in Manchuria, notably the Man-
churia Chemical lndustry Co., and exported some 212,000 metric tons of 
products in 1938, 
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The use of commercial fertilizer has had a longer history in Formosa, which 
came under the domination of the Japanese in 1895, and its use is common in 
the production of the major crops there--rice, sugar, pineapple, and bananas. 
Although large credits were granted to China during the war period for the 
purchase and erection of fertilizer factories, relatively few were able to 
begin actual production. 
Significant achievements in the field of fertilizer manufacture were made by 
the Agricultural industries service of UNRRA, which serve to emphasize the 
importance and desirability of fertilizer manufacturing as a rural industry. 
There is a great need of increased use of commercial fertilizers in China; 
it is perhaps the most direct way by which food production can be increased. 
5. Labor requirements !Q.! distributing fertilizer. 
The Chinese farmer treats the soil not as a source from which natural wealth 
can be drawn, but rather as a reservoir to be filled with the things plants feed 
on. But to treat it so requires a significant proportion of his labor. As shown 
by the following table, the work of merely distributing fertilizer, not to men-
tion the greater labor of procuring and preparing it, requires more than 10 per 
cent of his time with some of the more important crops. The following data 
are an excerpt from "Land Utilization in China" by J, Lossing Buck. 
6, Suggestions !2J' improving soil fertility and~ yields. 
a. Greater !!il .Qf commercial fertilizer. The government program for 
the importation and local manufacture of commercial fertilizers should be en-
larged and strengthened. Aid from other countries toward this objective 
should be liberal, with adequate supervision to ensure that the materials be -
come available to farmers without excessive costs. And they should be accom-
panied by a service of instruction and guidance .to accomplish their proper and 
intelligent use. 
Careful attention should be given to the care, storage, and shipment of ferti-
lizer materials sent from abroad, to ensure that they reach the farmer in good 
condition and can be easily and properly distributed and applied, The Commit-
tee noted several instances where materials had deteriorated from inadequate 
storage, and were received in such condition that accurate application was 
almost impossible, 
b, Soil improvement. A nation-wide government-supported program of 
soil conservation and improvement should meet effectively the problem of 
increasing the hu.mus and nitrogen content of the soil. Such a program might 
warrant benefit payments to individual farmers for growing, and plowing under, 
green manure crops and legumes. Chinese farmers appreciate the importance 
of such measures but are utterly unable to adopt them because of the ever-
present need for cash crops and food for home consumption. Yet the farmers 
are the custodians of China's greatest single asset, the soil; its conservation 
and improvement are of paramount national importance. 
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[n analyzing the principles for improving China's agricultural resources, 
Dr. T. H. Shen*, Director of the National Agricultural Research Bureau has 
emphasized the urgent need for such a national program. 
111n the post-war period the Government should change its former policy of 
letting the farmers play a lone hand and squeezing labor and taxes from them 
into one of giving them assistance and direction for the improvement of agri-
cultural resources, and adopt it as the guiding principle for national recon-
struction, in order to raise the living standard of the people, to establish our 
industries, and to increase our exports.tt 
7. Suggestions !£! development 2.! fertilizer-distributing equipment. 
a. Equipment !2.!" distributing~ fertilizers, As shown in the preceding 
table, the time requirement of placing fertilizer by hand methods is substan-
tial--over 10 per cent of the total man labor, in the case of some major crops. 
With dry fertilizers it is evident that a considerable saving in man-labor 
costs can be ef£ected by present equipment such as the standard man-propelled 
fertilizer distributor shown in the accompanying illustration, 
The results of tests made at NARB by the Committee are summarized below, 
These tests, made in 1947, under Project No, 2, Field Tests of Farm 
Machines, compared the rate of distributing fertilizer (bone meal) by hand 
with the method of using a man-propelled mechanical distributor (Planet Jr. 
No. 219). (6 mow= 1 acre) 
Method Area No. of Time Mow per Output 
covered required man hour ratio 
Hand, ... . 5 mow 8 hrs. 0.208 
Machine •.. 5 mow 8 hrs. 0 .625 
Our Chinese associates , in commenting on these tests, granted readily the 
advantages of this type of distributor but remarked that ''No Chinese (armer 
could aHord to purchase one11 ,,,a pertinent and natural conclusion, which goes 
to the very basis of the problem of introducing western (arm equipment. 
However, in taking this simple implement as an illustration, the Committee 
feels that the initial costs might be dif£used in either of two ways. 
1. By joint ownership and use; the small, contiguous fields of several 
owners should favor joint ownership. 
2. Through the development and use of a general-purpose, man-pro-
pelled implement, which, with suitable attachments, would accomplish 
seeding, fertilizing, cultivation, hilling, etc . , and thus extend to 
several operations the same or similar labor-saving factor, 
•Agricultural Resources of China, Mimeograph. T. H. Shen, 1946. 
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A reference has been made to the two and three-row animal - drawn grain 
drills used in north China. There the first application of dry fertilizer is 
usually broadcast just before seeding, the fertilizer having been transported 
to the fields, dumped in piles, and then spread by the use of hand tools. A 
suHable fertilizer attachment for such drills would combine the operations 
of fertilizing and seeding. The quantity of fertilizer carried at one time in 
the implement would be small, because lightness is essential, but this would 
not be a disadvantage as fields are so small that baskets at the ends of the 
fields would provide for convenient refilling. Piling fertilizer on the fields, 
which usually causes waste ~nd uneven distribution, would be eliminated, 
The same cost-reducing principal of combining operations can be applied to 
animal-drawn, row-crop cultivators and planters, The use of animal-drawn 
cultivators has been advocated, supported , and demonstrated by the Cotton 
Improvement Bureau. In fact, this Bureau designed and manufactured, through 
contract, several hundred light, animal - drawn cultivators. The National 
Agricultural Engineering Corporation is currently producing this class of 
cultivator as one of their major products. However, very few animal-drawn 
row-crop planters are yet in use, although their cost-reducing possibilities 
were demonstrated by the Committee. 
Fertilizer attachments for animal - drawn cultivators would permit the farmers 
to follow their favored custom of making light applications of fertilizer at 
frequent intervals. Fertilizer attachments for animal-drawn planters would 
bring the same economics to row-crop planting as suggested above in con-
nection with seeding grain . 
b. Equipment for distributing liquid fertilizers. ln considering the de -
velopment of equipment for distributing liquid fertilizer it is desirable to 
consider first the principal ways in which it is applied. 
Night soil, the chief type, is stored and applied in liquid form; with some 
crops the seed, before planting, is moistened or soaked in di luted, liquid 
night soil to insure good germination. 
Early applications in the field may be diluted with twice the volume of water; 
later applications are diluted much more. This, of course, means a ferti-
lizer of tremendous weight and bulk--although it gives a value of irrigation 
as well as fertilization. 
The equipment used by a single worker consists of a carrying po l e, two 
wooden buckets, and a long-handled dipper. Prior to field application the 
worker, by means of his carrying pole, tosses the two buckets outward into 
the pool of water (see illustration) and then draws them inward, causing them 
to fill with the desired quantity of water. Then, with his carrying pole, he 
transports the partially-filled buckets to the adjoining fertilizer pool where, 
with the long handled dipper he ladles in the proper amount of liquid ferti-
lizer to obtain the desired dilution. 
Thence, with the carrying pole, the full buckets are transported to the field, 
where the buckets are set down and the liquid ladled out and applied with the 
long handled dipper, 
zso 
All of this heavy work--lilling the buckets with water, mixing in the liquid 
fertilizer, usually carrying the full buckets to the field and applying the fer .. 
tilizer in the field--is done by manual labor. ln many cases, despite the 
careful location of the water supply and fertilizer pool, the carrying distance 
is great. In all cases the man-labor requirement is tremendous. 
Reference to the table on page Z45 will show that work animals contribute 
little to the task of distributing fertilizer. Where they are used, their work 
is limited to carting fertilizer, usually dry type, to the fields for dumping and 
piling. Yet one of the outstanding shortcomings of farming methods in, China 
is the few days per year which a nimals work--probably not more than forty-
five as an average . 
The development of fertilizer distributing equipment, therefore, would accom-
plish most if it is designed to shift to work animals much of the heavy work of 
handling liquid fertilizers. Such equipment would not only lessen human 
drudgery but it is likely that it would also greatly reduce the total cost of this 
important operation , so essential in China. 
The design of such equipment might proceed along two lines: 
1. A wheeled, animal-drawn implement with adjustable tread, low tank 
and multiple, adjustable outlets, Under favorable crop and field 
conditions such an implement would function as complete distributor; 
under unfavorable conditions it would serve as a means for trans -
porting larger quantities to the lield--eliminating the excessive 
number of fillings and trips, even though the liquid would have to be 
drawn from it through a capacious outlet--and applied with dippers. 
l, Liquid fertilizer attachments for one-animal drawn cultivators and 
planters. Again it is emphasized that such attachments might be 
favored as they would enable the Chinese farmer to follow his 
traditional custom of making frequent applications throughout the 
growing season. The custom of attempting to supply in one applica-
tion the total requirement of the crop is rarely, if ever, followed in 
China. 
Even though the quantities of liquid carried in such small attachments would 
be limited and frequent fillings might be necessary, they would eliminate the 
excessive labor requirement occasioned by the use of the hand ladles or 
dippers. 
To a considerable extent, present day western made equipment may be appro-
priate for distributing fertilizer in China, However, many conditions there, 
which are mentioned in detail elsewhere in this report, indicate that modifi-
cations and changes are necessary to adapt such equipment to typical Chinese 
farms. ln general , the introduction or development of small, light implements, 
especially such as will increase the use of available animal power, would be 
favored, 
To a much greater extent than in America the use of fertilizer is an accepted 
and an essential operation in crop production. Although the use of commercial 
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fertilizer is increasing, for many years night soil will continue to be the chief 
material. Its distribution and application are almost entirely by heavy, manual 
labor, An attempt to shift more of this burden to animals is of first-rate im-
portance in itself, but it also charts the route which design of equipment for 
typical Chinese farms should follow . 
E. Employment 
The introduction of engineering techniques into China's agriculture would have 
for its avowed purpose an int:rease in the productive capacity of the individual 
farm worker. The reasons for desiring this result has been set forth in 
Section I, u.nder agricultural objectives, If these objectives should be attained 
fewer farm workers would be needed and this has been of great concern to many 
agricultural leaders who fear that there would be increased unemployment and 
many workers would be deprived of their jobs. So much emphasis has been 
placed upon this matter in connection with the China Agricultural Engineering 
Educational Program that the Committee has thought it wise to discuss it 
specifically, 
lt appears to the Committee that the only criteria that can be used to forecast 
just what would happen if there should be a general introduction of engineering 
techniques is to be found in the history of agricultural development in those 
countries where extensive use has been made of these techniques. 
As previously pointed out, China and the United States represent the extremes 
in mechanization. China has about 80 per cent of her man power in agricul-
ture, while the United States has about 15 per cent. 
It appears more or less obvious that in any self-contained community the 
fewer the number of workers required to produce food the more prosperous 
that community will be because more workers will be available to produce 
commodities and service which will improve the economic status of all, in-
cluding the farmers. As previously explained, the farmers will be better con-
sumers and better producers. 
Many will grant the soundness of this reasoning but are unable to visualize 
just how the workers no longer needed in agriculture will be absorbed in other 
industries. The only answer that the Committee can make is that historically, 
in the case of agriculture, with fewer farmers but larger consumers the ad-
justment is made simultaneously. ln fact it would appear that manufacturing 
anticipates the increased spending capacity of the ~rmer, 
What is true of manufacturing is also true of other industries, and public 
agencies, Man power is transferred from agriculture and other industries 
where fewer workers are needed as fast as they become available, 
That there are instances of evidence of increased unemployment should not 
be regarded as a refutation of the general. Thus in the United States where 
90 per cent of the workers were employed in agriculture in the year 1800, 
the number has constantly but perhaps not altogether uniformly been reduced 
to the present 15 per cent. 
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Fig. 139 A typical rural village in China . The farm 
land surrounding the village is farmed by the 
inhabitants, usually each has his own hold-
ings . It is possible to farm the village 
tracts by cooperative use of modern equipment 
or for the community to hire the work done by 
one or more of their members who could own 
the equipment. 
China's transport ranges from motor trucks to pack trains, but 
in the interior the farmer has little more than the carrying 
pol e and wheelbarrow. 
Despite millions to feed China depends largely on arduous hand 
labor. Here late rice is planted between the rows of an earlier 
crop. 
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XII. APPRAISAL OF R~ULTS AND SUGG~TIONS FOR THE: FUTURE: 
1. A Review o( the Program 
The agricultural engineering educational program for China, from its incep-
tion, has been considered by its sponsors, directors, and participants a foun-
dation laying program, the most important results from which would come 
after a term of years . A review of the objectives of the program as set forth 
in Section I will reveal goals_not readily reached but which can be attained 
only through incessant and continuous effort over an extended term of years. 
However, it would seem appropriate in connection with the preparation of this 
report, covering the period of initiation, organization, and first period of 
operation , to review briefly some of the results attained and consider plans 
for the future. 
There has been an expressed desire by the cooperating institutions, the 
Harvester Fellows, the International Harvester Company, and the members of 
the Committee to conserve for the future all of the gains made during this 
period of initiation and organization. 
It would seem that some of the most important results of the education pro-
gram in agricultural engineering has been the development of an appreciation 
of how the well-being and the economic position of the farmer in China is 
essential to the economic progress of the country as a whole. To advance the 
economic position of the average farmer, he must have a larger enterprise 
than at present and the most practical way to accomplish this is by the intro-
duction of agricultural engineering techniques. When the farmer has a larger 
enterprise he becomes a larger conswner· or buyer and in this way promotes 
the advance of other industries. 
The Committee feels that many of the most important results of the educational 
program are intangible and difficult of evaluation. Much of the success of any 
forward movement contributing to the social and economic advance of any group 
of people depends upon an understanding of the factors involved, and faith in 
the guiding philosophy. 
The educational program in agricultural engineering in China may be credited 
with making a contribution to the following results and achievements: 
I. The relation of agricultural engineering techniques to the well-being 
of the Chinese farmer has been presented effectively to the agricultural and 
educational leaders of China, 
2. The opportunit-1 has been used to present to Chinese economic leaders 
the principle that any general advance in economic conditions is dependent 
upon making the Chinese farmer a better conswner or buyer . 
3 . A department of agricultural engineering has been established in the 
National Central University of Nanking, with a well-trained and adequate 
staff . 
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4. A curriculum in agricultural engineering has been approved in 
the National Central University. This curriculum has the same subject 
matter courses as accredited curricula in the United States. Additional 
subject matter courses have been added to meet the needs of the new 
curriculum. Four students received the B.S. degree from this new curri-
culum in July 1949. 
5. The National Central University has been furnished farm machines, 
tractors, and shop machines to adequately equip a new laboratory for teaching 
agricultural engineering subjects. Buildings have been refitted to se,rve as 
adequate laboratories. 
6. A curriculum for farm operators has been approved at the University 
of Nanking. 
7, New courses in agricultural engineering .,.nd additional staff members 
have been added to the Division of Agricultural Engineering at the University 
of Nank.ing, 
8. A new building and several laboratories for agricultural engineering 
instruction have been added by the University of Nanking. 
9. The University of Nanking has been supplied with farm machines and 
shop equipment to facilitate laboratory and field instruction. 
l O. Other universities have indicated a desire to follow the leadership of 
the two institutions in Nanking by establishing instruction in agricultural 
engineering. 
11. A department of agricultural engineering with an extensive staff and 
buildings has been organized in the National Agricultural Research Bureau, 
12 . Laboratories, well-equipped with field machines, shop tools and in-
struments, have been established at the National Agricultural Research 
Bureau. 
13. A research program consisting of fourteen typical research projects 
has been initiated in the National Agricultural Research Bureau, 
14. Useful data on the conventional manual methods of agricultural pro-
duction has been collected. 
15. Agricultural engineering techniques for the production of the princi-
pal crops of central China have been demonstrated and data on costs collected. 
16. A group of research assistants received training in research methods 
at the National Agricultural Research Bureau. 
17. Working relationships with the agricultural and educational leaders 
of China were established, lncluded among these were the staff of the 
Mini stry of Agriculture and Forestry, the Ministry of Education, and the many 
organizations set up to aid the Chinese farmer. 
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18. Eighteen students, recipients of Harvester Fellowships, completed 
three years of college and practical training on farms and in factories in the 
United States, and returned to their homeland in June 1948. These fellowship 
holders havt:: all secured employment with agencies interested in some phase 
of agricultural engineering. 
19 . A preliminary study has been made of Chinese farm housing and a 
demonstration cottage was built on the NARB grounds. 
20. Experiments in co~ditioning and storing grain were carried out 
which indicated possible future studies in this field. 
2. Plans and Suggestions for the Future 
The benefits which will accrue from the educational and demonstr ational pro-
gram of agr.icultural engineering techniques will depend very largely upon a 
continuing program, This is particularly important on account of the un-
settled political conditions which now prevail in China, The following sug-
gestions are intended to rescue the advances made to date and provide a pro-
gram of activities for the future. 
It is felt that the future of the program which has been described in this re-
port depends very largely upon the young men to whom the program and equip-
ment were delivered. As in any difficult movement such as that represented 
by the introduction of agricultural techniques, much depends upon the vision 
and morale of the leaders in charge . Therefore it is important that every 
eHort possible should be made to encourage those who are responsible. ~f 
possible, these young men should be convinced, as we believe they s hould, 
that they are engaged in a movement of great service to millions of Chinese 
farmers and their families; also that the success of their program will con-
tribute very neatly to the progress and development of their homeland. 
In the interest of brevity the suggestions for the future are listed in simple 
statements . In many cases the reasons for the suggestion are to be found 
earlier in the report. 
I . Contact should be maintained by the sponsors and the Committee with 
the agricultural engineering and administrative personnel at the two univer-
sities--the National Central University and the University of Nanking--and 
with the National Agricultural Research Bureau. This continued interest 
should be helpful in assuring a continuation of the program of education and 
research which has been started. 
l. A checkup of the use and location of the equipment s hould be made at 
proper intervals . The A gricultural Attache of the Consul General's o££ice 
and the representative of Andersen Meyer and Company, the agent of the 
International Harvester Company in China, might be asked to aid in such a 
checkup. 
3 . The Harvester Fellows should be encouraged to maintain an organiza-
tion of mutual help. 
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4. The recommendation of the Harvester Fellows that demonstration 
farms where engineering techniques would be carried out in a practical way 
should be encouraged . 
5. The following machines would appear to be particularly inviting for 
further study in order that they may be put to better use and improved for 
China's conditions. 
a. Hand implements 
b. Man-propelled implements 
c. Animal-drawn implements 
d. Mowers 
e. Light reapers 
f. Small Diesel (pumping) engines 
g. Rice hulling and processing equipment 
h. Small threshers 
i. Portable saw mills 
j. Windmills 
6. All methods of ownership and management which will furnish Chinese 
farmers the benefits of mechanical equipment should be tried and given a fair 
trial. This would include the following methods of management: 
a. lndividual ownership where the farm enterprise is sufficiently 
large to make it profitable. 
b. Supplementing private owned equipment with certain machines 
owned cooperatively. 
c. Cooperative ownership by a group of farmer s . 
d. Custom work by owners who have machines for the purpose. 
e. Custom work by organizations such as AMOMO. 
f. Cooperative ownership by a group which will do additional custom 
work for small farmers in the same village, say, 
7. The Committee is of the opinion that the following types of farm 
machines are of immediate interest to Chinese farmers and will find ready 
adoption with a minimum of modification to meet Chinese conditions, if 
distribution and service facilities can be established. 
a. Hand propelled implements: 
1. Wheel hoes 
2, Seeders 
3. Fertilizer distributors. 
b. Animal-drawn implements: 
l. Moldboard plows 
2. Spike-tooth harrows 
3 . Disk harrows 
4. Planters for cotton, corn, beans, sorghum 
5. Grain drill, five-furrow with fertilizer attachment 
6. Animal sweep power 
7. Reapers--small simple type discharging loose gavels 
c. Garden tractors and equipment 
d . Farm tractors adapted to the various sizes and types of 
enterprise. 
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8. Studies should be made of the methods of utilizing the semi-arid land 
in northwestern China. 
9. The sending of trade journals and catalog material to China should be 
encouraged. 
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APPENDlX A 
NAT!ONAL AGRICULTURAL EDUCAT!ONAL INSTITUTIONS OF CHINA 
l. Colleges of Agriculture (Chinese) City Province 
l. National Peking UniversityM • , ••• ... . . Peiping Hop eh 
2 . National Tsinghwa University ••• . . . . . .. Peiping Ho.peh 
3. National Sun Yat-sen University ....... Canton Kwang tung 
4. National Wuhan University, •• . .. . . . . . . Wuchang Hupeh 
5. National Chekiang University ... . . . . Hang chow Chekiang 
6. National Yingshih University .. . . .... . . Chinhwa Chekiang 
7. National Hunan University . . . . . . Changsha Hunan 
8. National Yunnan University. .... . . . Kunming Yunnan 
9. National Kwangsi University, . . . . ... Kweilin Kwangsi 
IO. National Chungchen University . . .. . . ... Nanchang Kiangsu 
11. National Futan University, . ... Shanghai Kiangsu 
12. National Central University •. .... Nan king Kiangsu 
13. National Kweichow University, . . ..... Kweiyang Kweichow 
14. National Honan University . .. Kaifeng Honan 
15. National Anhwei University. ... . . . .. Anching Anhwei 
16. National Shantung University .• .. .. . . . Tsingtao Shantung 
17. National Taiwan University. .. . ....... . Taipeh Taiwan 
18. National Northwestern Agricultural College. Wukung Shensi 
19. National Szechwan University. .. Cheng tu Szechwan 
20. National Northeastern University ..... Shenyang Llaoning 
21. National Lanchow University ••. ... . . Lan chow Kansu 
ll. Colleges o{ Agriculture (Missionary) 
I. Llngnan University •. .. . .. .. . . Canton Kwang tung 
2, Nanking University. ....... . . . . . Nan king Kiangsu 
3. St. John's University ••. ......... Shanghai Kiangsu 
4. Fukien Union University •••• .. . . . . . . Foochow Fukien 
III. Schools of Agric ulture (Chinese) 
National Northwestern Agricultural School Chuanglang Kansu 
IV. University Department of Agriculture (Missionary) 
Fu Jen Catholic University •. .. . . . . . . Peiping Hop eh 
APPENDIX 0 
COMPANIES SUPPORTING THE PROGRAM OF 
COMMITTEE ON AGRICULTURAL ENGINEERING 
WITH DONATIONS OF EQUIPMENT 
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A. B. Farquhar Co. 
York, Pa. 
The Interstate Printers and Publishers 
Danville, Illinois 
A. T. Ferrell & Co, 
Saginaw, Michigan 
Aermotor Co , 
Chicago, Illinois 
Anti-Friction Bearing Mfg. Assn. 
Washington, D, C. 
Butler Mfg . Co. 
Galesburg, Illinois 
E. I . DuPont DeNemours & Co. 
Wilmington, Delaware 
Engelberg Huller Co. 
Syracuse, N , Y. 
Ethyl Corporation 
New York, N . Y , 
The F. E. Myers & Bros. Co. 
Ashland, Ohio 
Gravely Motor Plow & Cult. Co, 
Dunbar, West Virginia 
H. D. Hudson Mig. Co, 
Chicago, Illinois 
Hertzler and Zook 
Belleville, Pa. 
L. F. Kreger Mfg. Co, 
Chicago, Illinois 
Marlin Rockwell Corp. 
Jamestown, N . Y. 
McMaster-Carr Supply Co. 
Chicago, Illinois 
Paul J. Newton 
Lewistown, Pa. 
Rototiller , Inc. 
Troy, N. Y. 
S. L. Allen & Co., Inc. 
Philadelphia, Pa. 
Sears, Roebuck & Co . 
Chicago, Illinois 
The Timken Roller Bearing Co . 
Canton , Ohio 
The Union Fork & Hoe Co. 
Columbus, Ohio 
Winebarger Corporation 
Sioux City, Iowa 
John Wiley and Sons, lnc. 
New York, N. Y. 
